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NOTICE 


The results of the OAST Space Technology Workshop which was 
held at Madison College, Harrisonburg, Virginia, August 3 - 
15, 1975 are contained in the following reports: 


EXECUTIVE SUMMARY 

VOL I DATA PROCESSING AND TRANSFER 

VOL II SENSING AND DATA ACQUISITION 

VOL III NAVIGATION, GUIDANCE, AND CONTROL 

VOL IV POWER 

VOL V PROPULSION 

VOL VI STRUCTURE AND DYNAMICS 

VOLVn MATERIALS 

VOL VIII THERMAL CONTROL 

VOL IX ENTRY 

VOL X BASIC RESEARCH 

VOL XI LIFE SUPPORT 


Copies of these reports may be obtained by contacting: 

NASA - LANGLEY RESEARCH CENTER 
ATTN; 418/CHARLES I. TYNAN, JR. 

HAMPTON, VA. 23665 
COMMERCIAL TELEPHONE; 804/827-3666 
FEDERAL TELECOMMUNICATIONS SYSTEM; 928-3666 
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SUMMARY 


Within the guidelines proposed by OAST, the Power Working Group (IWG) 
established the objectives of identifying the technology requirements for 
three basic areas of space technology: Shuttle Ihyloads, Mission Driven 

Technology, and Opportunity Driven Technology. Each of these three areas 
was further subdivided and considered according to the following outline: 

(I) Energy Sources and Conversion (A. Solar Photovoltalcs, B. Solar and 
Muclear Thermal Electric, C. Chemical Conversion, D. Ambient Field Trapping), 

(II) Power Processing, Distribution, Conversion and Transmission, and 

(ill) Storage. Various technology areas have been suggested for OAST 
consideration. These are compilation of inputs from various sources and 
have been discussed in detail in the report. The main conclusions reached 
by the iVG are as follows: (l) power system technology currently available 

is adequate to accomplish all missions in the 1973 Mission Model, (2) Im- 
proved Power Systems technology can provide significant benefits in opera- 
tional capabilities and costs, even fof the 1973 Mission Model (sixteen 
such areas have been identified), (3) major advancements in Power Systems 
technology must be made if the Outlook for Space and other advanced user 
plans are to be accomplished. 







IMTRODUCTION 


This is the final report of the Power Working Qroup assembled under 
the auspices of the 0/^T Space Technology Summer Workshop. The Power 
Working Group (PtfG) met at Madison College, Harrisonburg, Virginia, August 
lf-15, 1975- 

The objective of the Workshop as understood by the fWG was to identify, 
for the consideration of OAST management, three specific areas of space 
technology for possible pursuJ.t. The technology areas are listed below, 
with especial emphasis to be placed on Item 1: 

1. Shuttle Rayloads- -technology experiments which might make 
use of the capabilities of the Space Transport System. 

2. Mission Driven Technology- -technology needed to accomplish 
the missions in the '73 Mission Model, or technology which 
if suitably developed would offer significant improvements 
over the level of technology currently in use. 

3. Opportunity Driven Technology- -technology needed to support 
potential space opportunities of the future as identified 
by users. 

The technologies listed are compilations of inputs from various sources; 
they are not a recommended listing nor is any priority to be inferred. 
Further, they are probably not a comprehensive list. The three technology 
areas listed above are treated separately in Books I, II, and III. 

The approach taken by the IVG took the following chronology: 

Assemblage of input materials and data. 

Subdivision of power systems into subsystems and assign- 
ments of members to each subsystem. 

Generation of technology areas by subsystems. 

Review of technology areas by entire IVG. 

Drawing of conclusions. 

Preparation of presentation to management and final report. 

Inputs were obtained from a number of sources. Most of them are listed in 
Appendix A. 
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AREAS OF CONSIDERATION 


Each of the three main areas, i.e., Shuttle Bayloads, Mission Driven 
Technology, and Opportiuiity Driven Technology were further subdivided and 
considered according to the detailed outline of Appendix B and abbreviated 
below for reader convenience: 

I. Energy Sources and Conversion 

A. Solar Riotovoltaics 

B. Solar and Nuclear Thermal Electric 

C. Chemical Conversion 

D. Ambient Field Trapping 

II. Power Processing, Distribution, Conversion and Transmission 

III. Storage 

See Figure 1 for a pictorial of this subdivision. 

Please note that this outline is a "first cut best judgement." Con- 
sequently, a detailed review of Appendix B miglit reveal other technology 
areas quite worthy of OAST pursuit. Because they were outside of this 
outline, however, they were not considered by the FWG. 

Titles of the technology areas submitted for CAST consideration are 
listed in the next section with detailed summaries and submittals contained 
in Books I, II, and III. 
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TECHNOLOGY AREA TITLES 
Shuttle Bay loads (Book I) 

I. Energy Sources & Conversion 

A, Solar Photovaltaic 

1. Deployment, Retraction and Dynaniics of Lightweight 
Structures for Solar Cell Arrays 

2. Demonstration of High Voltage Solar Cell Array and 
High Voltage Power Management for SEFS 

3> SSFS Technology Testing and Demonstration Experiments 

4. Measurement of Solar Radiation Intensity and Spectral 
Distribution 

5. Environmental Tests of Advanced Solar Cells 

6. Environmental Tests of Materials for Advanced Solar 
Arrays 

7< Liquid Metal Slip Ring Experiment 

8. Extended Environmental Testing of Solar Array Mechanisms 
and Materials 

9 . In Space Assembly of High Power Transfer Devices 

10. Environmental Tests of Advanced Solar Cell Modules and 
Subarrays 

B. Solar & Nuclear Thermo Electric 

1. Demonstrate Emergency Cooling System in Zero-Gravity 
for Bpayton Isotope Power System 

2. Demonstration of Brayton Isotope Power in Pointing 
Experiment for Large Concentrators 
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Shuttle i^yloads (Book l) Continued 


3. Scalable, Free Flying Facility for Testing of High 
Power Density Components 

4. Demonstration of a 5OO KWe Solar Brayton Space Power 
System for Transmitting Electric Power to Earth 

5. Demonstration of a 100 KWe Nuclear Space Power System 
(Brayton-Thermionic ) for Electric Power or Propulsion 

C. Energy Conversion - Chemical 

1. Radio Frequency Mass Quantity Gauging 

II. Power Processing, Distribution, Conversion 8e Transmission 

1. Unattended Utility Power Station 

2. Sphinx B 

3 . Sphinx C 

4. Flight Demonstration of Power System Components Cooled 
by Integra] Heat Pipes 

5. SEPS Prime Propulsion Demonstration 

III. Storage 

1. Silver -Zinc Cell Experiment 

2. High Energy Density Battery Experiment 
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Mission Driven Technology Requirements (Book II) 

I. Energy Sources and Conversion 

A. Solar Fhotovoltalc 

1. Solar Cell Array for Electric Propulsion 

2, High Efficiency, Low Cost, Radiation Resistant, 
Light-Weight, Silicon SolEur Cells 

3> Power Transfer Across Rotating Joints 

4, High Temperature, High Efficiency, Radiation 
Resistant III-V Compound Solar Cells 

B. Solar and Thermo Electric 

None 

C. Chemical Conversion 

1. Hydrogen/Oxygen Fuel Cell Module for Tug 

2. Radio Frequency Mass Quantity Gauging 

II. Power Processing, Distribution, Conversion, & Transmission 

1. Spacecraft Charging and High Voltage Interactions with 
Plasmas 

2. Unattended Utility Power Station 

3. Automated Power Systems Management 

4. Solar Array Power Generation and Management, HVSA 
Advanced Power Processing/ftonltoring ^stem 

6. Multi KW, High Voltage Power Processor and Distribution 
System for Special Applications 

7. Self -Aligning Multlpln' Low/Hl{^ Voltage Electrical 
Connector Assembly 
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Mission Driven Technology Requirements 
(Book II) Continued 

III. Storage 

1. Ni-Cd Secondary Battery System for LST 

2. Mi-Hg Energy Storage System for Low Earth Orbit, 
Long Life Ray loads, 1ST 

3 . High Energy Density Batteries 



Opportunity Drivers (Book III) 


Energy Sources and Conversion 

A. Solar Photovoltaic 

1. Soxar cell array for SSPS 

2. High Efficiency, Radiation Resistant, High 
Temperature Lightweight Solar Cells 

3. Milti Junction, Edge - Illuminated Silicon Solar Cell 

4. High Efficiency, Low Cost, Radiation Resistant 
Electromagnetic Wave Energy Generator (EWEG) 

B. Soleu* and Wuclear Thermo Electric 

1. Solar Concentrators for High Temperature Energy 
Conversion to Electiic Power 

2. Nuclear Electric Power for Propulsion or large 
Power Uses 

3. Extro -Terrestrial Brayton Energy Conversion i Solar 
and Nuclear Heat Sources) 

4. Extra-Terrestrial Stirling Energy Conversion (Solar 
and Nuclear Heat Source) 

5. High Performance Thermionic Conversion 

6. Solar Dielectric Power Conversion 

7* Nuclear Thermoelectric Power System 

C. Chemical Conversion 

1. Dielectric Film Stack Cryogenic Tank Insul . 'on 

2. Advanced Fuel Cell Technology 
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Opportunity Drivers (Book III) Continued 


il. Power Processing, Distribution, Conversion & Transmission 

i 

1. Power Processing and Distribution Systems for 
Gigawatt Class Power Systems 

2. High Bus Voltage Power Processor and Distribution 
System Technology 

, 3 « Laser Energy Photovoltaic Converter 

4. Ultra High Power Energy Conversion and Transmission 

System Technology 

i 

III . Storage 

i 1. I&rge Ni-Cd Batteries for Space Station Application 

2. Use of Plywheels for Mechanical Storage of Energy 


OMfflNAL PAGE 18 POOR 
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BOOK I: SHUTTLE PAYLOADS 


I. Energy Sources and Conversion 

A. Shuttle Experiments Related to Solar Photovoltaic Components and Systems 

Two new requirements for improved photovoltaic systems are driving 
technology in this field. One firm requirement for solar space power systems 
which provide power for new Solar Electric Propulsion Systems (SEPS), is an 
85^ wei^t reduction of photovoltaic systems. The second requirement which 
is potential in nature, is for low cost, high efficiency, and high temperature 
sc ar electric convertors for the Space Satellite Power System (SSPS). 

Two experiments directly related to the SEPS are proposed. In one, the 
dynamics of deployment and retraction of lightweight structures will be studied 
in a zero-gravity environment to validate designs now being developed for solar 
cell eirrays. The second experiment specifically related to SEPS is to demon- 
strate, in the space environment, the operation of a lightweight, high voltage 
solar cell array using switching devices integral with the array for powe’' 
znanagement . 

Four experiments directly related to the SSPS are proposed. One experi- 
ment is directed at demonstration of space assembly techniques for ultra- 
lightweight structures supporting solar cell airrays, and determination of 
their dynamic characteristics. The other three experiments will demonstrate 
the space-worthiness of the mechanical integrity of the SSPS array design, 
the microwave generators, and a full capability but scaled-down SSPS. 

Seven additional experiments are proposed related to solar cell cali- 
bration and to space synergistic testing of materials, components, and sub- 
system arrays required in both SEPS as well as all other payloads using 
photovoltaic eirrays. All of these experiments are proposed for both low 


earth orbit and for geosynchronous orbit under both 1 AU and concentrated 
sunlight. One experiment is aimed at measuring the intensity and spectral 
distribution of solar radiation between 0.2 mm to 1.5 nim. The other six 
experiments test the long term space worthiness of advanced solar cells, 
materials (covers, encapsulants, flexible substrates. Interconnects, anti- 
reflection coatings, new liquid metal power transfer slip rings, lubricants, 
conductors, and insolators, and advanced solar cell arrays. 
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FUTURE PAYLOAD TECHNOLOGY 
TESTING AND DEVELOPMENT REQUIREMENT 


NO. 


PAGE 1 


1. REF.no. 17 

PREP DATE 


REV DATE LTR 


CATEGORY 

Electric 

Power 




2. TITLE Deoloyment . 

Retraction and Dynamics of Li«htwei«ht Structures for Solar 1 

Cell Arrays 



3. TECHNOLOGY ADVANCEMENT REQUIRED 

Determine dypam lcs of candidate light- 


weight structures to verify analytical 


1 LEVEL OF STATE OF ART 

CURRENT 

UNPERTURBED 

REQUIRED 





anii prnvldfi reqni rements for attitude control and orie ntation. 
Verify deployment and retraction of candidate structures. 


4. SCHEDULE REQUIREMENTS FIRST PAYLOAD FLIGHT DATE 

PAYLOAD DEVELOPMENT LEAD TIME YEARS. TECHNOLOGY NEED DATE 


5. BENEFIT OF ADVANCEMENT 


NUMBER OF PAYLOADS 


TECHNICAL BENEFITS Ll^jphtwelght structures for solar arrays are needed for 
SEPS. A zero-g test Is needed to validate the designs now being developed. 


Results will also be used to improve the analytical methods used for predicting 
array dynamics. 


POTENTIAL COST BENEFITS 


.ESTIMATED COST SAVINGS $ 


6. RISK IN TECHNOLOGY ADVANCEMENT 

TECHNICAL PROBLEMS 


REQUIRED SU«>PORTING TECHNOLOGIES 


7. REFERENCE DOCUMENTS/COMMENTS 


FT (TOr-1) 7/76 


12 




COMPARISON OF SPACE & GROUND TEST OPTIONS 


8. SPACE TEST OPTION TEST ARTICLE: 

r with liKhtw 


SEP 


TEST DESCRIPTION 


t solar array structures 


: ALT. (max/min) 

/ 

km, INCL. 

deg, TIME 

hr 




EQUIPMENT: WEIGHT 

POINTING 

ORIENTATION 

SPECIAL GROUND FACILITIES: 


_ kg, SIZE X X m, POWER 

. STABILITY DATA 

CREW: NO. OPERATIONS/OURATION 


GROUND TEST OPTION TEST ARTICLE: 


TEST DESCRIPTION/REQUIREMENTS: 


existing: YES □ NO □ 
.TEST CONFIDENCE 


SPECIAL GROUND FACILITIES: 


GROUND TEST LIMITATIONS: 


10. SCHEDULE 8i COST 

TASK 


1. ANALYSIS 


2. DESIGN 


3. MFG & C/0 


4. TEST & EVAL 


TECH NEED DATE 


.EXISTING; YES □ NO □ 


TEST CONFIDENCE 


GROUND TEST OPTION 



11. VALUE OF SPACE TEST $ 


12. DOMINANT RISK/TECH PROBLEM 


GRAND TOTAL 


(SUM OF PROGRAM COSTS $ 


COST IMPACT PROBABILITY 


COST RISK $ 




















FUTURE PAYLOAD TECHNOLOGY 
TESTING AND DEVELOPMENT REQUIREMENT 


NO 

PAGE 1 


1. REF. NO. a 


PREP DATE 
CATEGORY 


REV DATE 

Power 



3. TECHNOLOGY ADVANCEMENT REQUIRED 

Demonstrate In the space environment the 


LEVEL OF STATE OF ART 


CURRENT I UNPERTURBED I REQUIRED 


solar cell array using switching devices inte<s’al with the array for power 


management . 



4. SCHEDULE REQUIREMENTS I 
PAYLOAD DEVELOPMENT LEAD TIME 


FIRST PAYLOAD FLIGHT DATE 


.YEARS. TECHNOLOGY NEED DATE 


BENEFIT OF ADVANCEMENT NUMBER OF PAYLOADS 

TECHNICAL BENEFITS The hltdi voltage array and inte<zral power management offers 
improved reliability and lower weight for the power systems for SEPS. The 


validity of this approach must be verified by a test in the total space environ- 


ment to reduce the risk for later SEPS applications. 


POTENTIAL COST BENEFITS 


.ESTIMATED COST SAVINGS $ 


6. RISK IN TECHNOLOGY ADVANCEMENT 
TECHNICAL PROBLEMS 



REQUIRED SUPPORTING TECHNOLOGIES 



REFERENCE DOCUMENTS/COMMENTS 
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TITLE 

NO. 

! 


PAGE 2 


COMPARISON OF SPACE & GROUND TEST OPTIONS 


8, SPACE TEST OPTION TPCTARTictP? High voltage solar cei: 
integral switches and power management subsystems . 


TEST DESCRIPTION 


ALT. (max/min) 


km, INCL 


deg, TIME 



EQUIPMENT: WEIGHT 

POINTING 

ORIENTATION 

SPECIAL GROUND FACILITIES: 


_ kg, SIZE X X m, POWER 

. STABI LITY DATA 

CREW: NO. OPERATIONS/OURATION 


GROUND TEST OPTION TEST ARTICLE: 


TEST DESCRIPTION/REQUIREMENTS: 


existing: YES □ NO □ 
.TEST CONFIDENCE 


SPECIAL GROUND FACILITIES: 


GROUND TEST LIMITATIONS: 


10. SCHEDULE & COST 

TASK 


1. ANALYSIS 


2. DESIGN 


3. MFG & C/0 


4. TEST & EVAL 



.EXISTING: YES □ NO □ 


TEST CONFIDENCE 


GROUND TEST OPTION 


1 1 CH NEED DATE 



GRAND TOTAL 


11. VALUE OF SPACE TEST $ 


12. DOMINANT RISK/TECH PROBLEM 


GRAND TOTAL 


(SUM OF PROGRAM COSTS $ 


COST IMPACT PROBABILITY 


cosr RISK $ 


n HDR ;>i 7 


15 




















FUTURE PAYLOAD TECHNOLOGY 
TESTING AND DEVELOPMENT REQUIREMENT 


NO 

PAGE 1 


1. 

REF. NO. PREP DATE REV DATE 

LTR 


CATEGORY 


~ 

TITLE SSPS Technoloizv Testinc and Demonstration Experiments 









3. TECHNOLOGY ADVANCEMENT REQUIRED 

(a) Demonstrate space assemble and deter- 

LEVEL OF STATE OF ART \ 

CURRENT 

UNPERTURBED 

REQUIRED 




mine dynamics of ultra-liabt weight 


structures for solar cell arrays. 


Demonstrate space worthiness of the solar cell array design developed for 
SSPS. 

(c) Demonstrate space worthiness of microwave generators developed for SSPS. 

Thft tPfit. generators probably will he reduced In size but will generate equiva- 
lent power densities as those required for SSPS. 

(d) Demonstrate space worthiness of a scaled down version of the SSPS. System 
operation could be demonstrated In low earth orbit, and system durability tested 
later In a geosynchronous earth orbit. 

4. SCHEDULE REOUIREMENTS FIRST PAYLOAD FLIGHT DATE 

PAYLOAD DEVELOPMENT LEAD TIME YEARS. TECHNOLOGY NEED DATE 


5. BENEFIT OF ADVANCEMENT NUMBER OF PAYLOADS 

TECHNICAL BENEFITS These tests are needed to identify technologlt»a3 

deficiencies to be corrected and to eventually make a rational decision on 
building a full scale SSPS. 


potential COST BENEFITS 


ESTIMATED COST SAVINGS $ 

6. RISK IN TECHNOLOGY ADVANCEMENT 

TECHNICAL PROBLEMS 


REQUIRED SUPPORTING TECHNOLOGIES 


7. REFERENCE DOCUMENTS/COMMENTS 


FT (TOR D 7/75 


16 


REPRODUCIBILITY OP TUL 
ORIGINAL PAGE IS POOR 




TITLE 


N0._ 

PAGE 


COMPARISON OF SPACE & GROUND TEST OPTIONS 


8. SPACE TEST OPTION 


TEST ARTICLE: 


TEST DESCRIPTION: 


ALT. (mM/min) 


km. INCL. 


deg, TIME 


hr 


BENEFIT OF SPACE TEST: . 


EQUIPMENT: WEIGHT 

POINTING 

ORIENTATION 


kg. SIZE 


m, POWER 


kW 


STABILITY 


DATA 


CREW: NO. 


OPERATIONS/DURATION 


SPECIAL GROUND FACILITIES: 


existing: yes □ NO □ 


.TEST CONFIDENCE 


9. GROUND TEST OPTION TEST ARTICLE: 


TEST DESCRIPTION/REQUIREMENTS: 


SPECIAL GROUND FACILITIES: 


.EXISTING: YES D NO Q 


GROUND TEST LIMITATIONS: 


TEST CONFIDENCE 


10. SCHEDULE & COST 

SPACE TEST OPTION | 

GROUND TEST OPTION 

TASK CY 







COST ($) 







COST IS) 

1. ANALYSIS 

2. DESIGN 

3. MFG & C/0 

4. TEST ft EVAL 















TECH NEED DATE 














GRAND TOTAL 


1 GRAND TOTAL 



11. VALUE OF SPACE TEST $ 


(SUM OF PROGRAM COSTS $ , 


12. DOMINANT RISK/TECH PROBLEM 


COST IMPACT 


PROBABILITY 


COST RISK $ 


n MDR ?) 7/75 


17 
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FUTURE PAYLOAD TECHNOLOGY 
TESTING AND DEVELOPMENT REQUIREMENT 


PAGE 1 


1. REF. NO. 17 


PREP DATE 

CATEGORY Electric 


REV DATE 




TECHNOLOGY ADVANCEMENT REQUIRED 


LEVEL OF STATE OF ART 


CURRENT UNPERTURBED 


REQUIRED 


Measurement of spectral Intensity of 


olar radiation over : 


of solar cells (0.2 um to 1.5 um). Some doubt has been cast on presentl; 


used <:pectral intensity of sunshine by limited flight tests of advanced solar 


cells. 



4. SCHEDULE REQUIREMENTS FIRST PAYLOAD FLIGHT DATE 


PAYLOAD DEVELOPMENT LEAD TIME 


.YEARS. TECHNOLOGY NEED DATE 


R. BENEFIT OF ADVANCEMENT 

TECHNICAL BENEFITS Definitive measurea 
tensity of solar radiation needed to 


efficiency solar cells. 


NUMBER OF PAYLOADS 


total 


Ide futiure development of hi 


POTENTIAL COST BENEFITS 


.ESTIMATED COST SAVINGS $ 



REFERENCE DOCUMENTS/COMMENTS 














TITLE 


NO. 

PAGE 2 


COMPARISON OF SPACE & GROUND TEST OPTIONS 


8. SPACE TEST OPTION TEST ARTICLE: 


TEST DESCRIPTION : 


ALT. (max/min) 


km, INCL. 


dag, TIME 


BENEFIT OF SPACE TEST: 

EQUIPMENT: WEIGHT 

POINTING 

ORIENTATION 

SPECIAL GROUND FACILITIES' 


_ kg, SIZE 

.STABILITY 

CREW: NO. 


GROUND TEST OPTION TEST ARTICLE: 


TEST DESCRIPTION/REQUIREMENTS: 


X m.POWER •‘W 

DATA 

OPERATIONS/DURATION [ 

existing: yes □ NO □ 

TEST CONFIOENCE 


SPECIAL GROUND FACILITIES: 


GROUND TEST LIMITATIONS: 


10. SCHEDULE & COST 

TASK 


1. ANALYSIS 


2. DESIGN 


3. MFG & C/0 


4. TEST & EVAL 


TECH NEED DATE 


.EXISTING: YES D NO Q 


TEST CONFIDENCE 


GROUND TEST OPTION 



11. VALUE OF SPACE TEST $ 


12. DOMINANT RISK/TECH PROBLEM 


GRAND TOTAL 


ISUM OF PROGRAM COSTS $ - 


COST IMPACT PROBABILITY 
















FUTURE PAYLOAD TECHNOLOGY NO 

TESTING AND DEVELOPMENT REQUIREMENT PAGE 1 


1. 

REF. NO. 

17 PREP DATE 8/7/75 

REV OATE 

LTR 



CATEGORY Electric 



2” 

TITLE 

Environmental Teats of Advanced Solar 

.Ceils. 













3. TECHNOLOGY ADVANCEMENT REQUIRED 

Verification of s^.ace worthiness of 

LEVEL OF STATE OF ART | 

CURR NT ' C>NPERTURBED 

REQUIRED 

improved solar ce^iis. Initial output in 

1 



space and degradatlor. due to particulate and u X. \ i ' . ■ radiation cannot be 


convlnclnyly determined t;. tfi-cuiid teats r„ . ..r.v of cells. Exposure to 

the real space environment £<■•'' a y^.>ar is neet:^ : ' .alidate grounds test 
measurements and to Improve tne accurac y of i-j measurements. 


4. SCHEDULE REQUIREMENTS FIRsf^MiSSi^KlGHT DATE _ASAP 

VE LOPMENT LEAD TIMElnltial 2 vpars. TECHNOLOGY NEED DATE Recurring 

5. BENEFIT OF ADVANCEMENT NUMBER OF PAYLOADS 

TECHNICAL BENEFITS Present technoloir/ prottrams aim to red uce the cos t of solar 
cell arrays for conventional missions by 7Q^ end reduce the weight for SEPS 

mission bv Improved cells for these programs eure In development. Space 

tests are needed to validate the approaches pursued^ identify deficiencies 

early and promote user acceptance. Cells returned from these experiments would 
be used or standards to set the ilxumination unaer soiar simulators. SIEHHF 
POTENTIAL COST BENEFITS will be more critical for development of the SSPS 

array . 


ESTIMATED COST SAVINGS $ 

6. RISK IN TECHNOLOGY ADVANCEMENT 

TECHNICAL PROBLEMS 


REQUIRED SUPPORTING TECHNOLOGIES 


7. REFERENCE DOCUMENTS/COMMENTS 


FT (TOR II 7'75 


20 




COMPARISON OF SPACE & GROUND TEST OPTIONS 


8. SPACE TEST OPTION TEST ARTICLE: 


TEST DESCRIPTION : A«.T. (m»x/min) 


km, INCL. 


dig, TIME 


BENEFIT OF SPACE TEST: 

EQUIPMENT: WEIGHT 

POINTING 

ORIENTATION 

SPECIAL GROUND FACILITIES: 


kg. SIZE X X m, POWER 

.STABILITY data 

CREW: NO. OPERATIONS/OURATION 


9. GROUND TEST OPTION TEST ARTICLE: 


TEST DESCRIPTION/REQUIREMENTS: 


existing: yes □ NO □ 

TEST CONFIDENCE 


SPECIAL GROUND FACILITIES: 


GROUND TEST LIMITATIONS: 


10. SCHEDULE & COST 

TASK 


1. ANALYSIS 


2. DESIGN 


3. MFG ft C/0 


4. TEST ft EVAL 


TECH NEED DATE 


SPACE TEST OPTION 


^EXISTING: YES □ NO □ 


COSTIS) 



GRAND TOTAL 


TEST CONFIDENCE 


GROUND TEST OPTION 



11. VALUE OF SPACE TEST $ 


12. DOMINANT RISK/TECH PROBLEM 


GRAND TOTAL 


(SUM OF PROGRAM COSTS 1 


COST IMPACT PROBABILITY 


COST RISK S 


n HDR > lb 


21 
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FUTURE PAYLOAD TECHNOLOGY 
TESTING AND DEVELOPMENT REQUIREMENT 


1. REF. NO. 


PREP DATE 3/7/75 
CATEGORY Electric 


REV DATE 

Power 


NO 

PAGE 1 


LTR 



LEVEL OF STATE OF ART 


CURRENT i UNPERTURBED | REQUIRED 


TECHNOLOGY ADVANCEMENT REQUIRED 

Verification of space worthiness of 


materials used in construction of ad- 


de fie 


cover and encapsulant materials, emd adhesives and ce ments, llie space environ 
ment cannot be simulated in total in the laboratory and synergestic and rate 


effects of temperature, oxygen, UV, and particulate radiation 8u*e known to be 


mnortant to many if not all the candidate materials. 


SCHEDULE REQUIREMENTS 
PAYLOAD DEVELOPMENT LEAD TIME 


BENEFIT OF ADVANCEMENT NUMBER OF PAYLOADS ^ 

TECHNICAL BENEFITS Present technology program aim to reduce the cost of solar ce, ~ 
arrays for conventional missions by ^Qio and reduce the weight for SEPS Missions 


experiment 

FIRST PAT1.CB«1I FLIGHT DATE 


initial 2 years 


■ DATE ASAP 

§iB«Cl®e05 

T E CHNO ! ne ar need date 


b y 85'^. New materials must be used and their optical and mechanical properties 
must be validated in space. The need will become even more critical for the 


development of tne ultra light weight, 30-year-life array for SSPS. 


POTENTIAL COST BENEFITS 


.ESTIMATED COST SAVINGS $ 



REFERENCE DOCUMENTS/COMMENTS 


1 
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TITLE 


COMPARISON OF SPACE & GROUND TEST OPTIONS 


SPACE TEST OPTION TEST ARTICLE: 


NO. 

PAGE 2 


TEST DESCRIPTION : ALT. (max/min) 


km, INCL. 


dag, TIME 



EQUIPMENT: WEIGHT 

POINTING 

ORIENTATION 

SPECIAL GROUND FACILITIES: 


_ kg, SIZE 
STABILITY 


X m. POWER 

DATA 


CREW: NO. OPERATIONS/OURATION 


GROUND TEST OPTION TEST ARTICLE: 


TEST DESCRIPTION/REQUIREMENTS: 


existing: yes □ NO □ 

.TEST CONFIDENCE 


SPECIAL GROUND FACILITIES: 


GROUND TEST LIMITATIONS: 


10. SCHEDULE & COST 

TASK 


1. ANALYSIS 


2. DESIGN 


3. MFG & C/0 


4. TEST & EVAL 


TECH NEED DATE 


EXISTING; YES □ NO □ 


TEST CONFIDENCE 


GROUND TEST OPTION 



11. VALUE OF SPACE TEST $ 


12. DOMINANT RISK/TECH PROBLEM 


GRAND TOTAL 


(SUM OF PROGRAM COSTS $ 


COST IMPACT PROBABILITY 


COST RISK $ 
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FUTURE PAYLOAD TECHNOLOGY 
TESTING AND DEVELOPMENT REQUIREMENT 


NO. 


PAGE 1 


1. REF. NO. 


PREP DATE 
CATEGORY 


REV DATE 


LTR 


2. TITLE Liquid M etal Slip Ring Experiment 


3. 


TECHNOLOGY ADVANCEMENT REQUIRED 

Demonstrate in space the technology of 


transferring power across rotating joints 


LEVEL OF STATE OF ART 

CURRENT 

UNPERTURBED 

REQUIRED 





by liquid metal slip rings. Ground demonstrations have progressed to the point 
that a demonstration in space can be conducted. 


A separate step of this effort would be to perform a similar space experiment 
but with the Kilovolt and Kilowatt levels that are needed for SEPS and beyond . 


1980 


4. SCHEDULE REQUIREMENTS FIRST PAYLOAD FLIGHT DATE 

PAYLOAD DEVELOPMENT LEAD TIME YEARS. TECHNOLOGY NEED DATE 


5. BENEFIT OF ADVANCEMENT 


NUMBER OF PAYLOADS 


TECHNICAL BENEFITS With ever increasing amounts of power use being pro.iected. 

each loss in the power train becomes more and more sigr f leant. Conventional 

transferring of power across a rotating joint . such as from a sun seeking solar 
array to the spacecraft bus, typically poses limitations such as noise, life, 
high power loss, stiction and friction. Liquid Metal Slip Rings can signifi- 

alleviate these problems. 

POTENTIAL COST BENEFITS Z 


.ESTIMATED COST SAVINGS $ 


6 . 


RISK IN TECHNOLOGY ADVANCEMENT 

TECHNICAL PROBLEMS As a result of ongoing technology efforts there is little 
technical risk in advancing this to the flight test level. 


REQUIRED SUPPORTING TECHNOLOGIES 


7. REFERENCE DOCUMENTS/COMMENTS Liquid Metal Slip Ring Experiment, 
Le RC proposal submitted for LDEF. 
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TITLE 


NO. 

PAGE 2 


! 


■t 


> 

I 


( 


S 


} 


COMPARISON OF SPACE & GROUND TEST OPTIONS 

8. SPACE TEST OPTION TEST ARTICLE: LDEF type article consisting of stcail solar 

array, electronics. Liquid Metal Slip Rings, stepping motor. 


TEST DESCRIPTION : ALT. (max/min) / km, INCL. deg, TIME hr 

LDEF parameters are acceptable » 


BENEFIT OF SPACE TEST: Low gravity and envxrcament typical of orblttlng spacecraft. 


EQUIPMENT: WEIGHT 88 kg, SIZE l8 X 2k X $ m, POWER contained kW 

POINTING not critical STABILITY POt critical 

ORIENTATION sun s ide CREW; NO. OPERATIONS/DURATION [ 

SPECIAL GROUND FACILITIES: exist at LeRC 

_ . _ EXISTING*. YES □ NO □ 

TEST CONFIDENCE 

9, GROUND TEST OPTION TEST ARTICLE: Various ground tests have been and are 
being conducted, the next logical step is to acccanpllsh a space flight. 

TESTOESCRIPTION/REQUIREMENTS: 


SPECIAL GROUND FACILITIES: 


GROUND TEST LIMITATIONS: 


EXISTING: YES □ NO □ 


I 

% 


I 


i 

i 


i 

I 


I 


I 

I 

I 

! 

I 


TEST CONFIDENCE 


10. SCHEDULE & COST 

SPACE TEST OPTION 

1 GROUND TEST OPTION 

TASK CY 







COSTIS) 







COST ($) 

1. ANALYSIS 

2. DESIGN 

3. MFG & C/0 

4. TEST Si EVAL 















TECH NEED DATE 














GRAND TOTAL 


GRAND TOT 

AL 




11. VALUE OF SPACE TEST $ (SUM OF PROGRAM COSTS $ 


12. DOMINANT RISK/TECH PROBLEM COST IMPACT PROBABILrV 


I 

i 


I 

I 


I 



COST RISK S 

)R ;>) 7/75 


I 

s 
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FUTURE PAYLOAD TECHNOLOGY NO 

TESTING AND DEVELOPMENT REOUIREf'ENT PAGE 1 


1, 

REF. NO. PREP DATE 


REV DATE 

LTR 

CATEGORY 




2. 

TITLE Extended and Environmental Testing of Solar Array Mechanisms and 1 


Materials 









3. 

TECHNOLOGY ADVANCEMENT REQUIRED 

LEVEL OF STATE OF ART | 


A variety of solar array mechanisms 

CURRENT 

UNPERTURBED 

REQUIRED 


(primarily drives) and materials (e.g. 





structures . lubricants , conductors , insulators ) have been flown and are in 
various levels of ground testing and developments With the anticipated move 


towards longer life it appears desirable to; s ele<^ t a standard drive configura- 
tion to eliminate fallui'es due to configuration differences, and to test that 

configuration for extended periods, and; evaluate materials* perfox^aiance in a 
space environirent and as a system rather than a component. 


4. SCHEDULE REQUIREMENTS FIRST PAYLOAD FLIGHT DATE 

PAYLOAD DEVELOPMENT LEAD TIME YEARS. TECHNOLOGY NEED DATE 

5. BENEFIT OF ADVANCEMENT NUMBER OF PAYLOADS 

TECHNICAL BENEFITS Life time extensions and Increased confidence of solar array 
mechanisms; evaluation df solar array materials in a realistic environment as a 
system. 


POTENTIAL COST BENEFITS 


^ESTIMATED COST SAVINGS $ .. 

6. RISK IN TECHNOLOGY ADVANCEMENT 

TECHNICAL PROBLEMS 


REQUIRED SUPPORTING TECHNOLOGIES Materials, structures . 


7. REFERENCE DOCUMENTS/COMMENTS 


FT (TDR D 7/75 


1 


V — 




COMPARISON OF SPACE & GROUND TEST OPTIONS 




8. SPACE TEST OPTION TEST ARTICLE: 

mechanisms for comparison under load and extended testing; candidate^ mat erials 


for arrays and mechanisms in a representative configuration and environment 


TEST DESCRIPTION : 

Not critical 


ALT. (max/min) 


km, INCL. 


deg, TIME 


BENEFIT OF SPACE TEST; Evaluation in low gravity and typical space environment for 
long term effects. 


EQUIPMENT: WEIGHT kg. SIZE X X m, POWER 

POINTING STABILITY DATA 

ORIENTATION CREW: NO. OPERATIONS/DURATION [ 

SPECIAL GROUND FACILITIES: 

existing: yes □ NO □ 

TEST CONFIDENCE 


_ kg. SIZE X 

.STABILITY 

CREW: NO. 


9. GROUND TEST OPTION TEST ARTICLE: In work at various locations but often as 

discrete tests only or not on a comparison basis. 


TEST DESCRIPTION/REQUIREMENTS: 


SPECIAL GROUND FACILITIES: 


GROUND TEST LIMITATIONS: 


.EXISTING: YES □ NO □ 


10. SCHEDULE & COST 

TASK 

\m 

1. ANALV3IS 


2. DESIGN 


3. MFG & C/0 


4. TEST & EVAL 


TECH NEED DATE 


SPACE TEST OPTION 


TEST CONFIDENCE 


GROUND TEST OPTION 


COST ($) 



11. VALUE OF SPACE TEST $ 


12. DOMINANT RISK/TECH PROBLEM 


GRAND TOTAL 


(SUM OF PROGRAM COSTS $ 


COST IMPACT PROBABILITY 


COST RISK $ 


n nDR l'l 7/75 
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FUTURE PAYLOAD TECHNOLOGY 
TESTING AND DEVELOPMENT REQUIREMENT 


NO 

PAGE 1 


1. 

ref.no. prep date rev date _ 

LTR 


CATEGORY 


2 !” 

TITLE In Space Assembly of Hlsh Power. Bower Transfer Devices 









3. TECHNOLOGY ADVANCEMENT REQUIRED 

High power transfer across rotating 

LEVEL OF STATE OF ART 

CURRENT 

UNPERTURBED 

REQUIRED 




Joints such as solar arrays may in the 


near future depend upon transfer devices such as the Liquid Metal Slip Ring. 
The IMSR design is driven structurally more by the demands to sxorvlve launch 


loads than by on-orbit loads. Assembly in space could simplify, lighten and 
make more reliable I^R's. 


4. SCHEDULE REQUIREMENTS FIRST PAYLOAD FLIGHT DATE 

PAYLOAD DEVELOPMENT LEAD TIME YEARS. TECHNOLOGY NEFD DATE 

5. BENEFIT OF ADVANCEMENT NUMBER OF PAYLOADS 

TECHNICAL BENEFITS Simplify and lighten the design of mSR's bv making them 
easily assembled in space by machine, by man or some combination. With the 
a dvent of large arrays to be assembled in space (SSPS) this could result in a 
substeintial weight and reliability savings. 


POTENTIAL COST BENEFITS 


ESTIMATED COST SAVINGS $ 

6. RISK IN TECHNOLOGY ADVANCEMENT 

TECHNICAL PROBLEMS Devise automated or simple man operated assembly techniques 
Must follow space demonstrations of Basic IMSR technology. 


REQUIRED SUPPORTING TECHNOLOGIES ’’Liquid Metal Slip Ring Experiment," LeRC 
proposal for LDEF. 


7. REFERENCE DOCUMENTS/COMMENTS 


FT (TDR-1) 7/76 
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TITLE 


N0._ 

PAGE 


COMPARISON OF SPACE & GROUND TEST OPTIONS 


8. SPACE TEST OPTION jEST ARTICLE: _ii 

assembler, human observor/particlpator . 


TEST DESCRIPTION : 


ALT. (mM/min) 


BENEFIT OF SPACE TEST: Deg 

environment . 

EQUIPMENT; WEIGHT 

POINTING 

ORIENTATION 

SPECIAL GROUND FACILITIES: 


_ kj,SIZE 
STABILITY 


9. GROUND TEST OPTION TEST ARTICLE; 


TEST DESCRIPTION/REQUIREMENTS: 


km, INCL. 


dag, TIME 


X m, POWER 

DATA 


CREW: NO. OPERATIONS/DURATION 


existing: yes □ NO □ 

.TEST CONFIDENCE 


SPECIAL GROUND FACILITIES: 


GROUND TEST LIMITATIONS: 


10. SCHEDULE 8e COST 

TASK CY 

1. ANALYSIS 

2. DESIGN 

3. MFG & C/0 

4. TEST & EVAL 
TECH NEED DATE 


11. VALUE OF SPACE TEST $ 

12. DOMINANT RISK/TECH PROBLEM 


SPACE TEST OPTION 


, EXISTING: YES D NO □ 


TEST CONFIDENCE 

i GROUND TEST OPTION 

















GRAND TOTAL | 


COST ($) 


COST (S) 


[| GRAND TOTAL | 

(SUM OF PROGRAM COSTS $ ) 

COST IMPACT PROBABILITY 


COST RISK $ 



! 
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FUTURE PAYLOAD TECHNOLOGY NO 

TESTING AND DEVELOPMENT REQUIREMENT PAGE 1 


1. REF.no. 17 PREP DATE _ 


5 REV DATE LTR 

CATEGORY ^ 

135!!!® 

.ri£L _Eower 




TECHNOLOGY ADVANCEMENT REQUIRED 


LEVEL OF STATE OF ART 


CURRENT I UNPERTURBED | REQUIRED 


Verification of space worthiness of im- 


roved solar cell arrays, including more 


efficient and radiation resistant solar cells, new cover and encapsulant 


materials, flexible substrate materials, and modules or subeirrays made from the 


improved components and using new manufacturing techniques to reduce cost and 


weight and improve life and reliability. The space environment cannot be simu- 


lated in total in the laboratory and synergistic and rate effects of temp . , 


oxygen, UV> and particulate radiation are known to be important to many of the 


materials to be used. 



4. SCHEDULE REQUIREMENTS 

experiment 

MMMMH>EVELOPMENT LEAD TIME 


experiment 


Mi 


BS^LIGHT DATE 

years 


out ygARfi. TECHNOLOGY NEED DATE Recurring 


BENEFIT OF ADVANCEMENT NUMBER OF PAYLOADS 

TECHNICAL BENEFITS Present technology programs aim to reduce the cost of solar 
cell arrays for conventional missions by 70^ and reduce the weight for SEPS by 


These programs require space tests to validate the space worthiness of the 


approaches, identify deficiencies ear ly, a nd pr om ote use r acc eptan ce . Similar 
needs will be more critical for development of the very light weight SSPS array. 


POTENTIAL COST BENEFITS 


.ESTIMATED COST SAVINGS $ 



REFERENCE DOCUMENTS/COMMENTS 
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TITLE 


COMPARISON OF SPACE & GROUND TEST OPTIONS 


8. SPACE TEST OPTION TEST ARTICLE: 


NO. 

PAGE 2 


TEST DESCRIPTION : ALT. (max/min) 


km, INCL. 


dag, TIME 


BENEFIT OF SPACE TEST: 

EQUIPMENT: WEIGHT 

POINTING 

ORIENTATION 

SPECIAL GROUND FACILITIES: 


_ kg, SIZE X 

.STABILITY 

CREW: NO. 


GROUND TEST OPTION TEST ARTICLE: 


TEST DESCRIPTION/REQUIREMENTS: 


X m, POWER •‘W 

DATA 

OPERATIONS/OURATION [ 

existing: yes □ NO □ 

TEST CONFIDENCE 


SPECIAL GROUND FACILITIES: 


GROUND TEST LIMITATIONS: 


10. SCHEDULES) COST 

TASK 


1. ANALYSIS 


2. DESIGN 


3. MFG & C/0 


4. TEST & EVAL 


TECH NEED DATE I 


SPACE TEST OPTION 


.EXISTING: YES □ NO □ 


COST ($) 



GRAND TOTAL 


TEST CONFIDENCE 


GROUND TEST OPTION 


COST ($) 



11. VALUE OF SPACE TEST $ 


12. DOMINANT RISK/TECH PROBLEM 


GRAND TOTAL 


(SUM OF PROGRAM COSTS $ 


COST IMPACT PROBABILITY 


COST RISK $ 


t 1 (IRR 
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I. Energy £ rces St Conversion (Contd.) 

B. Solar & Nuclear Thermo Electric 

The following experiments have resulted from the heat source and energy 
conversion technologies . 

1. Demonstration of Emergency Cooling System in Zero Gravity for 
the Bcayton Isotope Power System 

2. Demonstration of Brayton Isotope Power System in Pointing 
Experiment for Large Concentrators 

3. Scalable, Free Flying Facility for Testing of High Power 
Density Components 

4. Demonstration of a 500 KWe Solar (Brayton*) Space Power 
System for Transmitting Electric Power to Earth 

5. Demonstration of a 100 KWe Nuclear Space Power System 

(Brayton, Thermionic) for Electric Power or Propulsion 

*Competing Technologies include photovoltaic, Brayton, Rankine and Thermionic 
energy conversion systems. 

The proposed experiments are stepping stones to user acceptability of 
advanced power systems and are therefore demonstration type experiments. In 
one case, the demonstration experiment is combined with another technology to 
increase cost effectiveness of space testing. The experiments recommended cover 
the entire range of power anticipated, namely from 1-2 KWe range of Brayton 
Isotope Power Systems to the 100 KWe nuclear system and scaled model of the We 
class system. Since it is not clear which of the competing technologies will 
surface with the greatest advantages and widest applications, the energy con- 
version systems selected are tenative. 

All experiments eire considered opportunity driven. 
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FUTURE PAYLOAD TECHNOLOGY 
TESTING AND DEVELOPMENT REQUIREMENT 


NO 

PAGE 1 


1, ref.no. 

PREP DATE 

REV DATE 

LTR 


CATEGORY _Electrlc 

Power 




3. TECHNOLOGY ADVANCEMENT REQUIRED 


LEVEL OF STATE OF ART 


CURRENT I UNPERTURBED REQUIRED 


A meltdown test In space which demonstratet 
capability of emergency cooling system of 


Brayton Isotope Power System (BIPS) Is required as a first step toward demon- 


strating BIPS. A heat soiu'ce capable of providing approximately 2400 watts at 


100 hoiirs to complete. High temperature measurements are required. The pxirpose 


of this test Is to determine the transient temperature of the Isotope heat source 


during activation of the emergency cooling system. 



4. SCHEDULE REQUIREMENTS FIRST PAYLOAD FLIGHT DATE I960 

PAYLOAD DEVELOPMENT LEAD TIME _ l.S VEARg. TECHNOLOGY NEED DATE 


5. BENEFIT OF ADVANCEMENT NUMBER OF PAYLOADS 

TECHNICAL BENEFITS (a) Will demonstrate passive system which prevents unsafe 
temperature excursion of Isotope fuel (safety related) 


rmlt use on payloads for futxire missions presently 


planned for RTG power sources 


POTENTIAL COST BENEFITS BftVRlnpmenh-Qf Brayton Isotope Powe r System could rei 
In a savings of $6^000 per We for each RTG power source replaced by Brayton. 


ESTIMATED COST SAVINGS S 


6. RISK IN TECHNOLOGY ADVANCEMENT 

TECHNICAL PROBLEMS Difficult experiment reqidrlng high temperature heat source 
temperature measurements. 



REQUIRED SUPPORTING TECHNOLOGIES High temperature sensing. Transient measure- 
ments . ~ 



REFERENCE DOCUMENTS/COMMENTS 
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TITLE 


COMPARISON OF SPACE & GROUND TEST OPTIONS 


8, SPACE TEST OPTION TEST ARTICLE: Meltdown test experlmei 

sulation system of Brayton Isotope Power System 


NO. 

PAGE 2 


TEST DESCRIPTION : 

ALT. (mix/min) 

500 / 200 

km, INCL. 

dig, TIME 200 hr 




BENEFIT OF SPACE TEST: 


EQUIPMENT: WEIGHT 100# kg, SIZE 20' 20” ^ 

POINTING none unle ss solar STABILITY 


ORIENTATION heat source 
SPECIAL GROUND FACILITIES; 


g. SIZE 20' 20” ^ POWER Kwe kW 

BILITY DATA 

CREW: NO. OPERATlONS/OORATlON 


existing: yes □ NO □ 

.TEST CONFIDENCE 



SPECIAL GROUND FACILITIES: Vacuum test chamber 


GROUND TEST LIMITATIONS: Meltdown In es 

temperatures 


SPACE TEST OPTION 


.EXISTING: YES D NO Q 


10. SCHEDULE & COST 

TASK 

m 

1. ANALYSIS 


2. DESIGN 


3. MFC & C/0 


4. TEST & EVAL 


TECH NEED DATE 


TEST CONFIDENCE 


GROUND TEST OPTION 


COST (S) 



11. VALUE OF SPACE TEST $ 


12. DOMINANT RISK/TECH PROBLEM 


GRAND TOTAL 


(SUM OF PROGRAM COSTS $ 


COST IMPACT PROBABILITY 


COST RISK $ 




















FUTURE PAYLOAD TECHNOLOGY NO 

TESTING AND DEVELOPMENT REQUIREMENT PAGE 1 


1. 

ref.no. 

PREP DATE 

REV DATE 

LTR 



CATEGORY 





TECHNOLOGY ADVANCEMENT REQUIRED 

wer System lBIPS) 


LEVEL OP STATE OF ART 


CURRENT UNPERTURBED REQUIHED 


possible to combine BIPS with an experiment which develops technolo 


p ointing of large arrays (concentrators). The SIPS will provide basic power 

for station keeping and pointing. Ati optical collimator with b light sensor can 


evaluate pointing capability. The experiment can be run for an extended time 


period (several years) to prove out capability and life. 



4. SCHEDULE REQUIREMENTS FIRST PAYLOAD FLIGHT DATE 

PAVLOAO DEVELOPMENT LEAD TIME 2 .YEARS. TECHNOLOGY NEED DATE 


PAYLOAD DEVELOPMENT LEAD TIME 


5. BENEFIT OF ADVANCEMENT 


bfeIVtM I OP ADVANCEMENT NUMBFR OF PAYLOADS 

TECHNICAL BENEFITS _ a) Demonstrate space capability of BIPS 

b) Develop technology for pointing of large arrays (will 


benefit payloads presently planned for RTGs). 


POTENTIAL COST BENEFITS Could result in a savings of $o.QOQ We for each RTG 
power source replaced by Brayton. 


ESTIMATED COST SAVINGS $ 


6. RISK IN TECHNOLOGY ADVANCEMENT 

TECHNICAL PROBLEMS . Minimal. System to be - <round tested in 1977-7^ time 
riod . 



REOUIRED SUPPORTING TECHNOLOGIES Guidance and Control 



REFERENCE DOCUMFNTS/COMMENTS 


/ 
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TITLE 


NO. 

PAGE 2 


COMPARISON OF SPACE & GROUND TEST OPTIONS 


8. SPACE TEST OPTION 

pointing experiment. 


TEST ARTICLE: Demnnstratlnn Tpst. of RTPfl with 


.ST DESCRIPTION : ALT. (max/min» 

Geosynchrousous orbit 


km, INCL. 


several 

dag, TIME hr 


BENEFIT OF SPACE TEST: Demonstration & user acceptability 


EQUIPMENT: WEIGHT 400# BIPS kg, SIZE ? X 

POINTING STABILITY 

ORIENTATION CREW: NO. 


DATA 


m, POWER 1.2 


kW 


OPERATIONS/OURATION 


SPECIAL GROUND FACILITIES: 


existing: yes □ NO □ 


.TEST CONFIDENCE 


9. GROUND TEST OPTION TEST ARTICLE: 


TEST DESCRIPTION/REQUIREMENTS; 


SPECIAL GROUND FACILITIES: 


.EXISTING: YES □ NO Q 


GROUND TEST LIMITATIONS: 


TEST CONFIDENCE 


10. SCHEDULE & COST 

SPACE TEST OPTION 

P GROUND TEST OPTION 

TASK CY 







COST ($) 







COST ($) 

1. ANALYSIS 

2. DESIGN 

3. MFG & C/0 

4. TEST & EVAL 















TECH NEED DATE 














GRAND TOTAL 


GRAND TOTAL 



11. VALUE OF SPACE TEST $ 


(SUM OF PROGRAM COSTS $ . 


12. DOMINANT RISK/TECH PROBLEM 


COST IMPACT 


PROBABILITY 


COST RISK $ 


n nnft :>) / '7r> 
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FUTURE PAYLOAD TECHNOLOGY 
TESTING AND DEVELOPMENT REQUIREMENT 

NO _ 

PAGE 1 



1. 

REF. NO. 

PREP DATE 

REV DATE 

_ LTR 



CATEGORY Electric 

Power and Thermal 

Control 



LEVEL OF STATE OF ART 


CURRENT UNPERTURBED 


REQUIRED 


3. TECHNOLOGY ADVANCEMENT REQUIRED 

The required technolotiy advancement is a 


scalable shuttle -launched, free-flying 


facility for experimentation and demonstration related to hieh-power -density de- 


vices and phenomena. The facility includes a high-power-density source, normall 


a radioisotope, cooled by a metallic -fluid heat pipes which heats the emitter of a 


thermionic converter having a collector cooled by a heat-pipe radiator. Some 


evaluations may require several thermionic - converter , heat-pipe modules which 


mentation, control, data-handling, and transmission equipment needed for the 


experimentation or demonstration. Replacing a standard component of this facilit: 


fabrication with an experimental element allows testing or 




4. SCHEDULE REQUIREMENTS FIRST PAYLOAD FLIGHT DATE 

PAYLOAD DEVELOPMENT LEAD TIME 1 to 4 YgARS. TECHNOLOGY NEED DATE _ 


5. BENEFIT OF ADVANCEMENT NUMBER OF PAYLOADS _ 

TECHNICAL BENEFITS This facility will allow high-power-density test! 


components 


POTENTIAL COST BENEFITS The facility enables such testing and verification wjth- 
out large-space-station power. 


.ESTIMATED COST SAVINGS $ 


pe coollna 


6. RISK IN TECHNOLOGY ADVANCEMENT 

TECHNICAL PROBLEMS a) Radloistope handling (perhaps manifold heat-pjpe cooling) 

b) Use of heat pipes and converters not verified in space as 


standard facility components (but verification of these in such a facility is 


c) Scaling to various power levels (solved by varying the 


number of thermionic-converter, heat-pipe module^ 

REQUIRED SUPPORTING TECHNOLOGIES 

Thermionic conversion 

Metallic -fluid heat pipes 


ierial selection and evaluation 


REFERENCE DOCUMENTS/COMMENTS RTOP's 506-24-25 and 506-I6-3I; MSA, ERDA 


e views : Outlook for Outer Space; Future Bayload 






















TITLE 


NO. 

PAGE 2 


COMPARISON OF SPACE & GROUND TEST OPTIONS 


SPACE TEST OPTION 

TEST ARTICLE: _ 

Described in 3 








_ 

TEST DESCRIPTION : 

ALT. (max/min) 

/ 

km, INCL. 

deg, TIME 

hr 

Described in 3 







BENEFIT OF SPACE TEST: 

Described in .5 












EQUIPMENT: WEIGHT 

kg, SIZE X 

X m, POWER 

kW 

POINTING 

STABILITY 

DATA 


ORIENTATION 

CREW: NO. 

OPERATIONS/OURATION / 


SPECIAL GROUND FACILITIES: 






existing: yes Q 

□ 

o 

z 



TEST CONFIDENCE 

GROUND TEST OPTION 

TEST ARTICLE: 




TEST DESCRIPTION/REQUIREMENTS: Ground evaluation leadint^ to oerformanpR-life and 

verification- testing in space is desirable. 


SPECIAL GROUND FACILITIES: 


EXISTING: YES □ NO □ 

GROUND TEST LIMITATIONS: Ground teats oannnt. substitute for spaoe-fH ght 

verification 


TEST CONFIDENCE 


10. SCHEDULE & COST 

SPACE TEST OPTION 

GROUND TEST OPTION 

TASK CY 







COST <$) 







COST IS) 

1. ANALYSIS 

2. DESIGN 

3. MFG & C/0 

4. TEST & EVAL 















TECH NEED DATE 














GRAND TOTAL 


GRAND TOTAL 



11. VALUE OF SPACE TEST $ (SUiy^ OP PROGRAM COSTS $ 


12. DOMINANT RISK/TECH PROBLEM COST IMPACT PROBABILITY 


J COST RISK S 

! 1 n OR ;■) ; 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO 


1 . TECHNOLOGY REQUIREMENT (TITLE): . Free- 
for Testing of High-Power Density Components 


PAGE OF 1 



3 . ( Continued ) 

demonstration of thermal -energy acquisition, transmission, conversion, or 
rejection or electrical processing, each at high-power densities. 

For example, such replacements would enable tests of solar-concentrator 
models, new heat pipes, improved thermionic converters, radiator modules, or 
the latest processing developments for low-voltage, high-current power. 
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FUTURE PAYLOAD TECHNOLOGY 
TESTING AND DEVELOPMENT REOUIREMENT 


NO 

PAGE 1 


1. REF. NO. 


PREP DATE REV DATE 

CATEGORY Electric Power 


2. TITLE Demonstration of a 500 Kwe Solar Brayton Space Power System (SPS) for 
Transmitting Electric Power to Earth 


TECHNOLOGY ADVANCEMENT REQUIRED 


LEVEL OF STATE OF ART 


CURRENT UNPERTURBED 


REQUIRED 


The dynamic conversion systems are stron 


candidates for the space power system 


which will convert solar energy to electric power and microwave energy for 


beaming to Kn-rt.h. A model of such a system should demonstrate In space the 


capabilities of a full sized power system. A scaled model of this system should 


demonstrate performance, life, reliability, size and weight characteristics in 



4. SCHEDULE REQUIREMENTS FIRST PAYLOAD FLIGHT DATE 


PAYLOAD DEVELOPMENT LEAD TIME 


.YEARS. TECHNOLOGY NEED DATE 


5. BENEFIT OF ADVANCEMENT NUMBER OF PAYLOADS 

TECHNICAL BENEFITS a) Reduced weight of system. Directly benefits large space 
power system. 


POTENTIAL COST BENEFITS Substantial reduction in cost of SPS and reduced number 
of launches to place in orbit. 


ESTIMATED COST SAVINGS $ 


6. RISK IN TECHNOLOGY ADVANCEMENT 


TECHNICAL PROBLEMS a) Pointing requirement of large concentrator 

b) Thirty year life of Turbo machinery 


c) Single point failure mode (loss of working fluid, 


REQUIRED SUPPORTING TECHNOLOGIES Large structure pointing and control 



REFERENCE DOCUMENTS/COMMENTS 














TITLE 


NO. 

PAGE 2 



COMPARISON OF SPACE & GROUND TEST OPTIONS 


8. SPACE TEST OPTION TEST ARTICLE: A model of the Brayton power system for 

beaminc: converted solar eneray to Earth. 


TEST DESCRIPTION 


ALT. (max/min) 


km, INCL. 


deg. TIME 


BENEFIT OF SPACE TEST: Demonstration 


EQUIPMENT: WEIGHT 

POINTING O.Q^ deg. 

ORIENTATION Sun 

SPECIAL GROUND FACILITIES: 


__ kg, SIZE X X n>, POWER 

. STABI LITY 0.05 dee. OATA 

CHEW: NO. OPERATIONS/DURATION 




existing: yes □ NO □ 

.TEST CONFIDENCE 


. GROUND TEST OPTION 

TEST ARTICLE: _ 





TEST DESCRIPTION/REQUIREMENTS: Ground test demonstration of Bravton power svste 

ator and radiator . Turbomachlnerv and reclperator will 


be tested In vacuum with heat added and rejected by simplified means 



SPECIAL GROUND FACILITIES: Large vacuum faclllt 


EXISTING; YES s NO □ 

GROUND TEST LIMITATIONS: Cannot test complete system which receives and concen- 

trates solar energy, converts to high voltage D.C. power, converts to microwave 


TEST CONFIDENCE 


10. SCHEDULE 8i COST 

TASK 


1. ANALYSIS 


2. DESIGN 


3. MFG & C/0 


4. TEST & EVAL 


TECH NEED DATE 



11. VALUE OF SPACE TEST 0 


12. DOMINANT RISK/TECH PROBLEM 


GRAND TOTAL 


(SUM OF PROGRAM COSTS $ 


COST IMPACT PROBABILITY 


COST RISK $ 


n nna ;'i vn 
















FUTURE PAYLOAD TECHNOLOGY NO 

TESTING AND DEVELOPMENT REQUIREMENT PAGE 1 


1. 

ref.no. 

PREP DATE 

REV DATE 

LTR 



CATEfiORV Elect 

,rlc Power 



TITLE Demonstration of a 100 Kwe Nuclear Space Power System (Brayton Thermionic 


for Electric Power or Propulsion. 


TECHNOLOGY ADVANCEMENT REQUIRED 




LEVEL OF STATE OF ART 


CURRENT UNPERTURBED REQUIRED 


ar material which require high specific 


e 


selected nuclear heat source and conversion system resulting from the competing 


00 K 


manee, life, reliability, size and weight characteristics in space by orbiting in 


near sun orbit. 



4. SCHEDULE REQUIREMENTS FIRST PAYLOAD FLIGHT DATE , 1985 

PAYLOAD DEVELOPMENT LEAD TIME _ 3 YEARS. TECHNOLOGY NEED DATE ^99Q 



REFERENCE DOCUMENTS/COMMENTS 
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TITLE 



NO. 


* 




PAGE 2 

i 

I 


COMPARISON OF SPACE & GROUND TEST OPTIONS 


8. SPACE TEST OPTION TEST ARTICLE* 


TEST DESCRIPTION : 

ALT. (max/mln) 

/ 

km, INCL. 

deg, TIME 

hr 




BENEFIT OF SPACE TEST; 


EQUIPMENT: WEIGHT 

POINTING 

ORIENTATION 

SPECIAL GROUND FACILITIES: 


__ kg, SIZE 
STABILITY 


X m, POWER 

DATA 


CREW: NO. OPERATIONS/DURATION 


_ . existing: yes □ NO □ 

.TEST CONFIDENCE 


9. GROUND TEST OPTION TEST ARTICLE: 

system. 


TEST DESCRIPTION/REQUIREMENTS: Will reqiilre testing facility in vacuum. 



SPECIAL GROUND FACILITIES: Large vacuum test facility 


GROUND TEST LIMITATIONS: none 


.EXISTING; YES m NO □ 


10. SCHEDULE & COST 

TASK 


1. ANALYSIS 


2. DESIGN 


3. MFG & C/0 


4. TEST & EVAL 


TECH NEED DATE 


TEST CONFIDENCE 


GROUND TEST DPTION 



11. VALUE OF SPACE TEST $ 


12. DOMINANT RISK/TECH PROBLEM 


GRAND TOTAL 


(SUM OF PROGRAM COSTS $ 


COST IMPACT PROBABILITY 


I COST RISK S 

n noR ;>) ?'7f> 
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j 

I. Energy Soxirces and Conversion (Contd.) I 

I 

C. Energy Conversion - Chemical ■■ 

A significant cost/weight penalty is presently paid on shuttle due J 

to measurement inaccuracies in reactant tanking residuals. The need lor more 5 

accurate techniques at gauging two phase cryogens is recognized . A test pro- • : 

gram is formulated using RF resonant cavity mode analysis which should achieve 
better the + 1^ accuracy . 



1 



FUTURE PAYLOAD TECHNOLOGY 
TESTING AND DEVELOPMENT REQUIREMENT 


NO 

PAGE 1 


REF. NO. 


PREP DATE 

Category 


REV DATE 

Lc Power 



4. SCHEDULE REQUIREMENTS FIRST PAYLOAD FLIGHT DATE 


PAYLOAD DEVELOPMENT LEAD TIME 


.YEARS. TECHNOLOGY NEED DATE 


5. BENEFIT OF ADVANCEMENT NUMBER OF PAYLOADS * 

TECHNICAL BENEFITS Hl-dilv accurate and simple quantity gauging In "o" g has 

successfully demonstrated. The obvious advantage of such a system 


in banking residuals due to gauging inaccuracies. 


POTENTIAL COST BENEFITS On the shuttle . for instance , a increase in accuracy 
would save 17.5 lbs. of fuel ceDl reactants. At $50At. this would save $875K 


per flight. 


ESTIMATED COST SAVINGS $ 



7. REFERENCE DOCUMENTS/COMMENTS 


FT (TOR II 7/75 


KEPRUl^UClBlLii’Y OF I’hb 

ORIGINAL PAGE IS POOR 



















TITLE 


NO. 

PAGE 2 


COMPARISON OF SPACE & GROUND TEST OPTIONS 


8. SPACE TEST OPTION TEST ARTICLE: . An Instrumented cryogenic tank to be flown 

in low earth orbit to verify system operation 


TEST DESCRIPTION 


ALT. (max/min) 


km, INCL. 


deg, TIME 


BENEFIT OF SPACE TEST: Normal (one g ) gray 

operation. 


EQUIPMENT: WEIGHT TBD kg, SIZE 

POINTING STABILITY 

ORIENTATION CREW: NO. 

SPECIAL GROUND FACILITIES: None 


GROUND TEST OPTION TEST ARTICLE 


X m, POWER 

DATA 

OPERATIONS/OURATION 


existing; yes □ NO □ 
TEST CONFIDENCE 



TEST DESCRIPTION/REQUIREMENTS 


SPECIAL GROUND FACILITIES: Mone 


GROUND TEST LIMITATIONS: 


^EXISTING: YES D NO □ 


10. SCHEDULE & COST 

TASK 


1. ANALYSIS 


2. DESIGN 


3. MFG & C/0 


4. TEST & EVAL 


TECH NEED DATE 


TEST CONFIDENCE 


GROUND TEST OPTION 



11. VALUE OF SPACE TEST $ 


12. DOMINANT RISK/TECH PROBLEM 


GRAND TOTAL 


(SUM OF PROGRAM COSTS $ 


COST IMPACT PROBABILITY 


COST RISK $ 


I 1 noH .•) / /s 
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II. Power Processing, Distribution, Conversion and Transmissions 

In the power processing, distribution, conversion and transmission area of 
power system performance, four specific mission directed experiment areas have 
been delineated. These experiments will substantially improve the ability of 
power systems to meet the projected flight mission requirement. 

Significant increases in shuttle sortie experiment payload capability and 
mission duration can be obtained by not requiring the shuttle to carry sufficient 
power capability for the total mission time on each flight. Instead a self- 
contained, unattended utility power station experiment, to be stored in space and 
used when needed, is proposed. Existing solar array technology and developing 
shuttle fuel cell capabilities are available to support its design and implemen- 
tation. As proposed, the power station experiment would be used many times, 
thereby allowing the experiment cost to be paid for by the reduced number of 
shuttle sortie flights and the additional payload capability on each flight. 

Interactions between the space plasmas and high voltage surfaces (e.g. 
high voltage solar arrays required for SSPS and solar electric propulsion) must 
be understood before necessary high voltage technology advances can be realized. 

In addition, recently identified spacecraft charging phenomena must be understood 
in order to prelude future spacecra 't failures. Ar. experiment to obtain the 
necessary flight engineering data required is proposed to more fully understand 
the observed phenomena. A companion experiment would investigate the interaction 
between thruster generated plasma and high voltage surfaces . 

Major advancements are envisioned in the methodology of cooling power 
system components by including heat pipes as an integral part of the components. 
Conventional thermal control techniques for cooling electrical components yield 
excessive temperature drops between the component and the thermal disspation area. 
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The addition of heat pipes as an integral part of the components could signifi- 
cantly reduce these drops. An experiment is proposed to demonstrate the suit- 
ability of integral heat pipe technology in power system componetry designs; 
extended zero-g lifetime exposure is required to confirm the adequacy of the 
selected design approach. 

In orbit demonstration of the solar electric propulsion system’s operational 
capabilities is outlined. In flight experience will greatly increase user con- 
fidence in this advanced propulsion technique, as well as provide additional 
information or plasma interactions, high voltage system design applications and 
long term lightweight array performance. 
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FUTURE PAYLOAD TECHNOLOGY 
TESTING AND DEVELOPMENT REQUIREMENT 


NO 

PAGE 1 


REF. NO. Technology Reg* t "c" PREP DATE _ 

CATEGORY . 




LEVEL OF STATE OF ART 


CURRENT UNPERTURBED REQUIHED 


exlstance (solar arrr’') and under i k 


fuel ceil) to provide unattended power producing station capability. 


Mo advances beyond present state of the art are -equired. Long life ( 2.10 years) 


operation of the system is required, with periodic shuttle visits to refurbish 




4. SCHEDULE REQUIREMENTS FIRST PAYLOAD FLIGHT DATE 

PAYLOAD DEVELOPMENT LEAD TIME 3 YFAHS. TECHNOLOC < NEED DATE 


6. BENEFIT OF ADVANCEMENT NUMBER OF PAYLOADS ^ 

TECHNICAL BENEFITS Increased shuttle experiment payload capability for extended 
mission duration as it would not be necessary to carry sufficient energy to 


lower the shuttle for the entire mission duration. 


POTENTIAL COST BENEFITS Fewer shuttle launches 


.ESTIMATED COST SAVINGS S 


6. RISK IN TECHNOLOGY ADVANCEMENT 

TECHNICAL PROBLEMS (a) Interaction of 10-20 KWe solar array with regenerative 
fuel cela system 



REQUIRED SUPPORTING TECHNOLOGIES (a) Shuttle fuel cell dev elopment 
multi pin electrical connector assembly 


c) Regenerative fuel cell technology based on shuttle fuel cell development, 
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TITLE 


NO. 

PAGE 2 


COMPARISON OF SPACE & GROUND TEST OPTIONS 

8. SPACE TEST OPTION TEST ARTICLE; Unattended power station, consisting of 

a 10-20 KV/ solar array/regeneratlve fuel cell system. 


TEST DESCRIPTION : ALT. (max/min) ^00 / 200 km, INCL. any deg, TIME 10,000 hf 

Demonstrate feasibility o f lony lifer unattended power generating stationB In 

orbital operation. 

BENEFIT OF SPACE TEST: Long term In orbit demonstration of full size power station 

operation in flight environment. 

EQUIPMENT: WEIGHT UOC) kg, SIZE jp X ^p X tn, POWER i p.pp W 

POINTING 1.0 degree STABI LITY 0.5 degree 0 ATA 

ORIEN I ATION sun pointing CREW: NO. ^ OPERATIONS/OURATION _5 /ea 1 day 

SPECIAL GROUND FACILITIES: Targe vaoiiiim test, ohamhpra 

EXISTING*. YES 13 NO □ 
TEST CONFIOENCE 0«9 

9. GROUND TEST OPTION TEST ARTICLE- Feasibility small test module of 

unattended utilit,v power station. 

TEST DESCRIPTION/REQUIREMENTS: Fabricate and test scale model power station 

system. 


SPECIAL GROUND FACILITIES: Large vacuum test chambers 

EXISTING: YES CD NO □ 

GROUND TEST LIuWTATlONS: Inability to test full scale pover station under orbital 

environmental conditions . 


TEST CONFIDENCE p.s 


10. SCHEDULE & COST 

SPACE TEST OPTION 

GROUND TEST OPTION 

TASK CY 







COST ($) 







COST ($) 

1. ANALYSIS 

2. DESIGN 

3. MFG & C/0 

4. TEST & EVAL 















TECn .4EED DATE 














GRAND TOTAL 


GRAND TOTAL 



11. VALUE OF SPACE TEST $ (3yM Qp PROGRAM COSTS $ 


12. DOMINANT RISK/TECH PROBLEM 

COST IMPACT 

PROBABILITY 



COST RISK S 


! 1 n DR .’I 
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FUTURE PAYLOAD TECHNOLOGY NO 

TESTING AND DEVELOPMENT REQUIREMENT PAGE 1 


1. 

ref.no. 

PREP DATE 

REV DATE 

LTR 



CATEGORY 





TECHNOLOGY ADVANCEMENT REQUIRED 


LEVEL OF STATE OF ART 


CURRENT 


UNPERTURBED 


REQUIRED 


Obtain the engineering data that is 


necessary to design electrical systems 


that can be exposed to the space environment over a wide range of plasma 


densities and operating voltages and to obtain flight data that will serve as 


a reference set for fut'ore ground testing. 



4. SCHEDULE REQUIREMENTS FIRST PAYLOAD FLIGHT DATE 1980 

PAYLOAD DEVELOPMENT LEAD TIME YEARS. TECHNOLOGY NEED DATE _i2L 


5. BENEFIT OF ADVANCEMENT NUMBER OF PAYLOADS L_ 

TECHNICAL BENEFITS Interactions between plasmas of space and high voltage 
surfaces must be understood before the necessary high voltage technology 


_ advances can be realized. Also, recently identified spacecraft charging 


POTENTIAL COST BENEFITS See LeRC letter "SPHIMX B/C Benefits Study." D.J. Shramo 
to J. Lazar, 5/19/75 • 


.ESTIMATED COST SAVINGS $ 



7. REFERENCE DOCUMENTS/COMMENTS LeRC PreJlminarv Plan for Smce Plasma f 
Voltage Interaction Experiment Satellites (SPHINX B/c), February 28, 1975 < 
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s 


COMPARISON OF SPACE & GROUND TEST OPTIONS 


8. SPACE TEST OPTION test ARTICLE: Sphinx B Spacecraft. Nearly Identl 

the Sphinx A spacecraft lost on the Proof flight Titan /Centaxir launch. 

TEST DESCRIPTION : ALT. (max/min) 3^,000 / 1000 km, INCL. l8 deg, TIME 


BENEFIT OF SPACE TEST: Resolve orders of magnitude differences of ground test 

facilities; obtain data for which ground test facilities are inadequate. 

EQUIPMENT: WEIGHT 1Q2 kg, SIZE SELF ^ OMTAINEE ^ m, POWER •‘W 

POINTING STABILITY DATA 

ORIENTATION CREW: NO. OPERATIONS/DURATION / 

SPECIAL GROUND FACILITIES: Required ground facilities exist at LeRC 

existing: yes □ NO □ 

TEST CONFIOENCE 


9. GROUND TEST OPTION TEST ARTICLE: Ground tests using all available reasonable 

facilities have been and are being used. However, orders of magn^t■ude differ- 


“ith St test in 


SPECIAL GROUND FACILITIES: 


GROUND TEST LIMITATIONS: 


, EXISTING: YES NO □ 


10. SCHEDULE & COST 

TASK 


1. ANALYSIS 


2e DESIGN 


3. MFG & C/f; 


4. TEST & EVAL 


TECH NEED DATE 


TEST CONrIDENCE 


GRJUND TEST OPTION 



11. VALUE OF SPACE TEST $ ,|eereference qP PROGRAM COSTS $ . 

^includes both Sphinx B and C 


12. DOMINANT RISK/TECH PROBLEM 


COST IMPACT PROBABILITY 


COST RISK $ 


n n DR •.’) / 7 !j 


V 
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FUTURE PAYLOAD TECHNOLOGY 
TESTING AND DEVELOPMENT REQUIREMENT 


NO. 


PAGE 1 


1. 

REF. NO. 

PREP DATE 

REV DATE 

LTR 



CATEGORY _ _ 



T~ 

TITLE Sohinx C 















3. 


TECHNOLOGY ADVANCEMENT REQUIRED 

Demonstrate In a space environment the 


technology readiness of the eight 


1 LEVEL OF STATE OF ART 

CURRENT 

UNPERTURBED 

REQUIRED 





centimeter ion thruster system for its station keeping mission. 


4. SCHEDULE REQUIREMENTS first payload flight date 1Q8q 

PAYLOAD DEVELOPMENT LEAD TIME ^ YEARS. TECHNOLOGY NEED DATE J-980 


5. BENEFIT OF ADVANCEMENT 


NUMBER OF PAYLOADS 


TECHNICAL BENEFITS Small ion thruster systems for attitude control and 

satellites. A space demonstration is necessary to achieve user confidence 
so that these cost savings can be realized. 


POTENTIAL COST BENEFITS See LeRC letter "SPHIM B/C Benefits Study/' 
D.J. Shramo to J. Lazar, 5A9/75- 


ESTIMATED COST SAVINGS $ 


6. RISK IN TECHNOLOGY ADVANCEMENT 

TECHNICAL PROBLEMS The technology exists. 


REQUIRED SUPPORTING TECHNOLOGIES SPHINX B is a companion experiment . 


7. REFERENCE DOCUMENTS/COMMENTS LeRC Preliminary Plan for Space Plasma 

Hi gh V o ltage Interaction Experiment Satellites (SPHINX b/c), February 28, 1975 » 


FT (TDR-1) 7/75 
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TITLE 


NO. 

PAGE 2 


COMPARISON OF SPACE & GROUND TEST OPTIONS 


8. SPACE TEST OPTION TEST ARTICLE: SPHIMX C SPACECRAFT 

TEST DESCRIPTION : ALT. (max/min) 35,000 / 1000 km, INCL. l8 deg, TIME 


BENEFIT OF SPACE TEST: Demonstrate Ion thruster system (including power processor 
advances) op eration In a space environment; investigate interactions of thruster 
generated plasma and high voltage surfaces. ’ 

EQUIPMENT: WEIGHT 216 •‘9- s'ZE SELF jjl ONTAINET ^ m, POWER 

POINTING STABI LITY DATA 

ORIENTATION CREW: NO. OPERATIONS/DURATION / 

SPECIAL GROUND FACILITIES: Required ground facilities exist at LeRC 

existing: yes □ NO □ 

TEST CONFIDENCE 


9. GROUND TEST OPTION TEST ARTICLE: Ground tests on components and systems 

have been and are being conducted full scale. 


TEST DESCRIPTION/REQUIREMENTS: However, facility limitations are .significant] v 

severe that plasma interactions cannot be accurately investigated. 


SPECIAL GROUND FACILITIES: 


GROUND TEST LIMITATIONS: 


, EXISTING; YES D NO □ 


10. SCHEDULE & COST 

TASK 

\m 

1. .ANALYSIS 


2. DESIGN 


3. MFG & C/0 


4. TEST & EVAL 


TECH NEED DATE 


SPACE TEST OPTION 


76 77 78 79 80 COSTIS) 


TEST CONFIDENCE 


GROUND TEST OPTION 


COST ($) 



11. 

VALUE OF SPACE TEST S See reference 

(SUM OF PROGRAM COSTS $ _ 

- } 


*includes both 

SPHINX B and C 


12. 

DOMINANT RISK/TECH PROBLEM 

COST IMPACT 

PROBABILITY 


COST RISK $ 


n noR :>) 



I 
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FUTURE PAYLOAD TECHNOLOGY 
TESTING AND DEVELOPMENT REQUIREMENT 


NO 

PAGE 1 


1. 

ref.no. 

PREP DATE 

REV DATE 

LTR 



CATEGORY 






3. TECHNOLOGY ADVANCEMENT REQUIRED 

Demonstrate a major advancement in 


LEVEL OF STATE OF ART 


CURRENT 


UNPERTURBED 


REQUIRED 


eluding heat pipes as an integral part of the components. Some of the 


components to be considered are transistors, thrustors, magnetics, fuel cells, 


batteries . 



SCHEDULE REQUIREMENTS FIRST PAYLOAD FLIGHT DATE 

PAYLOAD DEVELOPMENT LEAD TIME YEARS. TECHNOLOGY NEED DATE 


BENEFIT OF ADVANCEMENT NUMBER OF PAYLOADS 

TECHNICAL BENEFITS Conventional thermal control techniques in use today for 


cooling components yield temperature drops from cirtical area (e. 


conductor junction temp., transformer hot spot temp; to mounting area of 


perhaps 50 to 75 degrees. Consequently these major heat producing components 


are limiting factors in thermal design. The addition of heat pipes as integral 


parts of the components could reduce these drops to per- 
haps 5 to 10 degrees. Consequently the thermal design time can be greatly re- 


duced; component lifetime limitations and test wou 


cost savings and reliability improvements ^^^,^^^gP SAVINGS $ 

would accrue . 


RISK IN TECHNOLOGY ADVANCEMENT 

TECHNICAL PROBLEMS Learn how to Integrate the heat pipes with the components 
Hr. ftci tn minimize thermal drops : learn how to effectively electrically isolate 


where needed. 



REQUIRED SUPPORTING TECHNOLOGIES 


Heat pipes. 



REFERENCE DOCUMENTS/COMMENTS 
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TITLE 


N0._ 

PAGE 


COMPARISON OF SPACE & GROUND TEST OPTIONS 


8. SPACE TEST OPTION XEST ARTICLE: suitably designed power system with 

heat pipes as a part of the major power dissipating components , and with 


suitable Instrumentation. 


TEST DESCRIPTION : 


ALT. (max/tnin) 




km« INCL. 


deg. TIME 


hr 


BENEFIT OF SPACE TEST: Primarily to use the zero g aspects of space, but also to 

demonstrate this approach to potential users and designers. 


EOUIPMENT: 

POINTING 

ORIENTATION 


WEIGHT 


kg, SIZE 


m, POWER 


kW 


STABILITY 


DATA 


CREW: NO. 


OPERATtONS/OURATION 


SPECIAL GROUND FACILITIES: 


existing; yes □ NO □ 


.TEST CONFIDENCE 


9. GROUND TEST OPTION TEST ARTICLE: 


TEST DESCRIPTION/REQUIREMENTS: Some ground tests can be performed but heat pipe 
operation in a 1 g field imposes certain limitations that can be alleviated 


only in space. 


SPECIAL GROUND FACILITIES: 


EXISTING: YES □ NO □ 


GROUND TEST LIMITATIONS: 1 g field 


TEST CONFIDENCE 


10. SCHEDULE 8i COST 

SPACE TEST OPTION 

GROUND TEST OPTION 

TASK CY 







COST ($) 







COST ($) 

1. ANALYSIS 

2. DESIGN 

3. MFG & C/0 

4. TEST & EVAl 















TECH NEED DATE 














GRAND TOTAL 


GRAND TOTAL 





11. VALUE OF SPACE TEST $ 


(SUM OF PROGRAM COSTS $ . 


12. DOMINANT RISK/TECH PROBLEM 


COST IMPACT 


PROBABILITY 


COST RISK $ 


n noR :m vib 
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4. 


FUTURE PAYLOAD TECHNOLOGY 
TESTING AND DEVELOPMENT REQUIREMENT 


NO. 


PAGE 1 


1. REF. NO. 


PREP DATE 
CATEGORY 


REV DATE 


LTR 


2. TITLE SEPS Prime Propulsion Demonstration 


TECHNOLOGY ADVANCEMENT REQUIRED 

Demonstrate for potential users the 


primary propulsion thrust subsystem 


1 LEVEL OF STATE OF ART | 

CURRENT 

UNPERTURBED 

REQUIRED 





under development. 


SCHEDULE REQUIREMENTS FIRST PAYLOAD FLIGHT DATE Early 80's 
PAYLOAD DEVELOPMENT LEAD TIME YEARS. TECHNOLOGY NEED DATE 


5. BENEFIT OF ADVANCEMENT 


NUMBER OF PAYLOADS 


TECHNICAL BENEFITS A primary propulsion thrust subsystem is currently under 
development. The risks of flying this subsystem on an operational mission may 


be too large for many potential project managers to assume. These risks can 


be significantly reduced by conducting a demonstration flight. Further bene- 


fits would accrue for related technologies such as solar eirray vo ltage outputs 

V. Plasma interactions with ^0 cm thru‘^ters. 

3 Kw/unit power processing, light weight arrays, ion thruster operations. 


.ESTIMATED COST SAVINGS $ 


6. RISK IN TECHNOLOGY ADVANCEMENT 


TECHNICAL PROBLEMS Technology to accompl ish the thrust subsystem experiment 
should be in hand by 1979* 


REQUIRED SUPPORTING TECHNOLOGIES Many. 


7. REFERENCE DOCUMENTS/COMMENTS LeRC Program Plan for Pr-tmary Propulsion 
Thrust Subsystem. 


FT (TOR-11 7/75 
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TITLE 


NO. 

PAGE 2 


COMPARISON OF SPACE & GROUND TEST OPTIONS 


8. SPACE TEST OPTION 

ancllleii‘y equipment . 


TEST ARTICLE: 


TEST DESCRIPTION : ALT. (max/min) 


km, INCL. 


deg, TIME 


BENEFIT OF SPACE TEST: Demonstrate capabilities and reliability for potential users! 


EQUIPMENT: WEIGHT 

POINTING 

ORIENTATION 

SPECIAL GROUND FACILITIES: 


_ kg, SIZE 
STABILITY 


.POWER 20 kW 


CREW: NO. OPERATIONS/DURATION several/ years 


_ existing: yes □ NO □ 

TEST CONFIDENCE 

9. GROUND TEST OPTION TEST ARTICLE: Ground facilities can be used for ex- 

tensive tests but aire inadequate for final confidence demonstrations. 

TEST DESCRIPTION/REQUIREMENTS: 


SPECIAL GROUND FACILITIES: 


GROUND TEST LIMITATIONS: 


.EXISTING: YES □ NO □ 


TESTCONFi. ;NCE 


10. SCHEDULE 8( COST 


SPACE TEST OPTION 


GROUND TEST OPTION 


1. ANALYSIS 

2. DESIGN 

3. MFG & C/0 

4. TEST & EVAL 
TECH NEED DATE 


GRAND TOTAL 


COSTIS) 


COST ($) 


GRAND TOTAL 


11. VALUE OF SPACE TEST $ 


(SUM OF PROGRAM COSTS $ . 


12. DOMINANT RISK/TECH PROBLEM 


COST IMPACT PROBABILITY 


I COST RISK $ 

n noR 7<75 
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III. Storage 

The Power Working Group has identified two technology testing and 
development requirements for space testing. Both of these requirements are 
in the electrochemical technology area. They are primarily concerned with 
electrolyte distribution, electrode material stability and retention, and 
gas bubble coverage of electrodes in the zero "g" environment. 
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FUTURE PAYLOAD TECHNOLOGY NO 

TESTING AND DEVELOPMENT REQUIREMENT PAGE 1 

1. REF. NO. GE-n.5 PREP DATE &/6/l^ REV DATE LTR 

CATEGORY Electric Power 

2. TITLE Silver Zinc Cell Experiment 


3. TECHNOLOGY ADVANCEMENT REQUIRED 

Data must be obtained for the design of 

LEVEL OF STATE OF ART 

CURRENT 

UNPERTURBED 

REQUIRED 

4 

c 

7 

reliable (zero ''g") bilgh-rate, Ag-Zn 


cells for probe applications, synchronous orbits and 24 hr. orbits. Improved 


life at lower temperatures (0° C-15°C) Is certain. The reliability of the 
cells under zero "g" and quantitative performance data are needed to achieve 

the lowest possible design weight. Problems are: Zinc electrode deterioration 

and dendritic growth, silver migration. Internal gassing and a limited 

temperature range. 


4. SCHEDULE REQUIREMENTS FIRST PAYLOAD FLIGHT DATE 19T9 

PAYLOAD DEVELOPMENT LEAD TIME 2 VPARS. TECHNOLOGY NEED DATE -_Jb280_ 

5. BENEFIT OF ADVANCEMENT NUMBER OF PAYLOADS 

TECHNICAL BENEFITS Lightweight reliable Ag-Zn batteries for probe applica- 

tlons and as an alternate to metai/gas batteries for orbital applications. 

Weight savings l/2 to l/3 of Mi compared to Cd batteries. 


POTENTIAL COST BENEFITS Weight savings^ increased reliability 


6 . 


RISK IN TECHNOLOGY ADVANCEMENT 


ESTIMATED COST SAVINGS $ 50-100k/space- 
SIAlli 


TECHNICAL PROBLEMS Deterioration of the zinc electrode. 

Limited temperature range. 


REOUIRED SUPPORTING TECHNOLOGIES 


'GravitatlOMl Effects on Electrochemical 


7. 


Batteries, Meredith, Robert E., Juvinall, 
REFERENCE DOCUMENTS/COMMENTS Gordon L. . and Uchlvama. A.A. ; 5 pL Technical 

R epor t 32-1570. "Reduced Gravity Battery Test fYogram, '* Final Report, Contract 
952121, The ^neral Electric Company. ”lhe Effect of Weightlessness on the 
Per fort nan ce of Batteries and Fuel dells.'* Elsenberg. Morns Prodfeedlhgs of the 
32th Annual Battery R & D Conference; U.S. Army Signal lab, 195 b. 


FT (TDR-1) 7/76 
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aSPROPUCIBlLn'Y UK Thi 
ORIMNAL PAGE IS POOR 




TITLE Silver Zinc Cell Experiment 


NO. 

PAGE 2 


COMPARISON OF SPACE & GROUND TEST OPTIONS 

SPACE TEST OPTION 

TEST ARTICLE: Silver-zinc . 16 amp-hour 

sealed cell with 

reference electrode 

and pressiure transducers and thermistors. 



TEST DESCRIPTION : 

ALT. (max/min) 200 / 400 km, INCL. lik 

deg, TIME M hr 





BENEFIT OF SPACE TEST: 

Exposure to zero k. 




EQUIPMENT: WEIGHT 5 kg, SIZE 0.^ X Q.$ X 0.9 m, POWER 0>1 W 

POINTING STABI LITY *^^8 DATA 

ORIENTATION M CREW; NO. OPERATIONS/OURATION / 


SPECIAL GROUND FACILITIES: Test eqpt. 

existing: yes n NO m 

TEST CONFIOENCE 95^ 

9. GROUND TEST OPTION TEST ARTICLE: NA 


TEST OESCRIPTION/REQUIREMENTS: 


SPECIAL GROUND FACILITIES: 


EXISTING; YCS □ NO □ 

GROUND TEST LIMITATIONS: 


TEST CONFIOENCE 


10. SCHEDULE & COST 

r 

TASK 


ig 

T ANALYSIS 

2. DESIGN 

3. MFG & C/0 

4. TEST & EVAL 


20 

TECH NEED DATE I 



SPACE TEST OPTION 




GRAND TOTAL 

120K 

GRAND TOTAL 


11. VALUE OF SPACE TEST S _iOOK 

(SlIM OP PROCAAM fiOST.S A _ 

I 


12. DOMINANT RISK/TECH PROBLEM COST IMPACT PROBABILITY 

Deteriora tion of Zinc Electrode 200K 


COST RISK $ lOOK 





























r 


I 


FUTURE PAYLOAD TECHNOLOGY 
TESTING AND DEVELOPMENT REQUIREMENT 


1. REF. NO. GK 17.^ 


PREP DATE 


NO 

PAGE 1 



LEVEL OF STATE OF ART 


CURRENT 


UNPERTURBED 


REQUIRED 


3. TECHNOLOGY ADVANCEMENT REQUIRED 

Battery weight Improvements In the order 
of 505t are required for automated space- 1 4 


craft missions of several years duration. The metal/gas batteries will meet 


must be demonstrated that the cells will reliably discharge and accept charges 


efficiently after long periods of weightlessness. The electrolyte must be 


managed so as to prevent flooding the negative electrode during discharge anc 


to prevent bubble coverage of the negative electrode during charge. 



4. SCHEDULE REQUIREMENTS FIRST PAYLOAD FLIGHT DATE 


PAYLOAD DEVELOPMENT LEAD TIME 


.YEARS. TECHNOLOGY NEED DATE 



6. RISK IN TECHNOLOGY ADVANCEMENT 

TECHNICAL PROBLEMS Bubble coverage of negative electrode could prevent efficient 


charge of nickel -hydrogen cell. 


Silver migration, watex- formation cou. 


for silver-hydrogen cells . 


REQUIRED SUPPORTING TECHNOLOGIES 



REFERENCE DOCUMENTS/COMMENTS 

_Future_ ftiylo ad Tech Reg. CASO-NAS-75-^Q^ June, 197^ • 
(Continued 















Battery Experiment 


COMPARISON OF SPACE & GROUND TEST OPTIONS 


SPACE TEST OPTION TEST ARTICLE: Reduced gravity Battery Test System 


TEST DESCRIPTION 


: Al.T. Imax/mtn) 5^0 

/ 200 

km, INCL. 

NA 

dtg, TIME 

hr 



BENEFIT OF SPACE TEST: Exposure to zero "g" experiment 


EQUIPMENT: WEIGHT ^9 kg, SIZE 0.^ X X O .9 tn, POWER Q«^ kW 

POINTING STABILITY 6.05 DATA 

ORIENTATION CREW: NO. OPERATIONS/OURATION 3 yrs. / 

SPECIAL GROUND FACILITIES: None 

existing: yes □ NO □ 

test CONFIDENCE 0»9 


GROUND TEST OPTION test ARTICLE: NA 


TEST DESCRIPTION/REQUIREMENTS; 


SPECIAL GROUND FACILITIES: 


GROUND TEST LIMITATIONS: 


^EXISTING: YES D NO □ 


10. SCHEDULE & COST 

TASK 


1. ANALYSIS 


2. DESIGN 


3 MFG&C/O 


4. TEST & EVAL 


TECH NEFD DATE 


TEST CONFIDENCE 


GROUND TEST OPTION 



11. VALUE OF SPACE TEST $ 


12. DOMINANT RISK/TECH PROBLEM 


GRAND TOTAL 


(SUM OF PROGRAM COSTS $ 


COST IMPACT PROBABILITY 


COST KISK $ 





















DEFINITION OF TECHNOLOGY REQUIREMENT 


1 . TECHNOI.OGY REQUIREMENT (TITLE): High Energy Density PAGE 3 OF 1 

Battery Experiment 


7. REFERENCE DOCUMENTS/COMMEJITS (Continued) 

"Gravitational Effects on Electrochemical Batteries," Meredith, Robert 
E., Juvinall, Gordon L. . and Uchiyaraa, A..A.; JPL Technical Report 32-1570* 

"Reduced Gravity Battery Test Program," Final Report, Contract 952121, 

The General Electric Company. 

"The Effect of Weightlessness on the Performance of Batteries and Fuel 
Cells," Eisenberg, Morris Proceedings of the 12th Annual Battery R & D 
Conference ; U.S. Army Signal Lab, 19 5^^ 

"The Sealed Nickel-Hydrogen Secondary Cells," Giver, Jose, and Dunlop, 
James D., J. Electrochemical Society 122 No. 1, p. 4, 1975* 

"a Nickel- Hydrogen Secondary Cell for Synchronous Orbit Application," 
Storkel, J. F., Van Omunering, Swette, L., and Gaines, L. 8th lECEC 
Conference , 1973 Proceedings, p. 87- 

"Nickel Hydrogen Battery System," Klein, M. , and Baker, B. S., 9ih lECEC 
Co nference , 1974 Proceedings, p. Il8. 

"Nickel- Hydrogen Battery Development for Synchronous Satellites," Gandel, 
M. G., Chang, R., and Farsch, W. C., ibid. p. 123* 





1 


BOOK II: MISSION DRIVEN TECHNOLOGY 

I. Energy SourccG and Conversion 

A. Advanced Technology Requirements for Photovoltaics 
The Solar Electric Propulsion System (SEPS) planned for use on the Enke 
Rendezvous Payload (PL-24, 1973 Mission Model) requires an 85 ^ weight reduction 
of the solar cell arrays. This can be accomplished by developing advanced 
silicon solar cells and light weight array support structures . Advancements of 
silicon solar cell technology include increased initial and end-of-life 
efficiencies (i.e., increased radiation hardness) and decreased cell weight. 
Proposed work on silicon cells includes reduction of photon reflection, use of 
thin cells and thin radiation covers, and increased open circuit voltage. 
Advancements of solar array support structures include improvement of array 
fabrication methods, development of light weight, deployable structures, and 
improvement of power transfer across rotating joints. Naturally, these improve- 
ments in specific mass (mass/power) are also applicable to the Space Satellite 
Power Station discussed in the Report of the Outlook for Space Study, July, 

1975. 

Various Inner Planet missions presently planned (PL 10,11,12,13,14) require 
solar calls capable of operating reliably at elevated temperatures. Therefore, 
III-V Compound Semiconductor cells can be developed to meet this requirement. 
These devices will also provide high efficiency cells for lower temperature 
operation and for higher temperature ...peration in conjunction with solar con- 
centrators. Therefore, these cells will make prime candidates for use in the 
Space Satellite Power S-t rtion. 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. 

1 . TECHNOLOGY REQUIREMENT (TITLE): Solar Cell Array PAGE 1 OF 

for Solar Electric Propulsion 

2. TECHNOLOGY CATEGORY: Electric Power 

OHJECTIVT/ADVANCEMENT REOIITRED: Solar cell array blanket and support 

structitre of high power / mass ratio and large area. 


I. Cl'RRPLNT STATE OF ART: State of the art arrays are too heavy. Present 

arrays are desig ned for low voltage. 

HAS BEEN CARRIED TO LEVEL 


DESC' R1 1 >TION OF TECHNOLOGY j 

Deployable (and perhaps retractable) solar cell arrays and supporting structures; 
must be developed for electric propulsion applications. Required power level iS; 
20 - 50 KW and power mass ratio 200 w/Kg. Array flown has been 4L w/Kg and 
another array with a ratio of 66 w/Kg has been developed. Design studies show 
feasibility of llOw/Kg. This advancement requires further improvement in 
efficiency of thin cells, reduction of cover thickness, improvement of array 
fabrication methods, and development of light weight, deployable structures. 


P/L REQUIREMENTS BASED ON: □ PRE-A.Q A,[0 B.Q C/D 
(■> KATloXAl.F AND ANALYSIS: 

a. The design gap of IJ.O w/Kg was selected as an optimistic upper limit based 
on conceptual study of large array systems. The retractable option allow 
optimal use of the solar array for primary power in a low Earth orbit to 
geosynchronous orbit transportation systems. 

b. The very large class of high power geosynchronous satellites, electric pro- 
pulsion transportation stages and interplanetary spacecraft would strongly 
benefit from this technology. 

c. The decrease in specific mass of solar array system would result in payload 
increases in excess of the reduction of solar array mass via the capability 
of use of increased specific impulse propulsion systems. 

d. This technology should be carried to a space test on the shuttle or an 
automated spacecraft. 


TO BE CARRIED TO LEVEE 
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DEP'INITION OF TECHNOLOGY REQUIREMENT NO. 

1 . TECHNOLOGY REQLTREMENT^TITLEk Solar Cell Array for PAGE 2 OF __ 

Solar Electric Propulsion — 

7. TECHNOLOGY OPTIONS; 

The use of unconditioned solar array power for the large source levels would 
strongly benefit systems. For solar electric propulsion of a significant weight 
saving ( 20 percent ) would be achieved for the thrust subsystem. 


8. TECHNICAL PROBLEMS: 

Getting high efficiency from thin cells 
Fabricative handling and assembly of thin cells 
Thin cover or encapsulant for solar cells 
Light weight structural materials 
Rigidity and dynamics of light weight structure 


y. POTENTIAL ALTERNATIVES: 

Chamical propulsion with reduced payload for same missions. Some missions re- 
quire electric propulsion and would have to await nuclear electric propulsion. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANC. NT: 


EXPECTED UNPERTURBED LEVEL 

11. RELATED TECHNOLOGY REQUIREMENTS: 

Guidance, Navigation and Control of large, flexible spacecraft 
Structural dynamics of large flexible spacecraft 
Advanced power management technology. 


67 



I 


DKFINITION OF TECHNOLOGY REQUIREMENT NO. 

1 . TECHNOLOGY REQUIREMENT ^TITl.E): Solar Cell Array for PAGE 3 OF 

Solar Electric Propulsion 

12. TECHNOl.OGY REQUIREMENTS SCHEDULE; 

CALENDAR YEAR 


SCHKDUl.E ITEM 
TECHNOLOGY 


75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 


I APPLICATION 

1. Design (Ph. C) 

2. Devi/ Fab (Ph. D) 

3 . Operations 


l;l. USAGE SCHEDULE: 

1 — I — I — I — I — I — I — I — I — I — I — I — I — r~n — — I — ’ — 

TECHNOLOGY NEED DATE 

NUMBER OF LAUNCHES 

14. REFERENCES: 

1. Report on the status and prospects of the MSA Space Power and Propulsion 
Research Technology Program. Volume Two. Program status and prospects, 

JO May 1975. 


15. LEVEL OF STATE OF ART 


1. fWSir PHKNOMb NA Ot\Sl KVt T) AND HFKniTt:D. 

2. TIIKOHY K'HMriw\lLI) TO DLM'KIHK IMll NOMFNA. 

3. THFoin nsn:i) nv rihsK'Ai. i nplkimknt 

OH MATIIFMATU'AI. Muni I,. 

4 . PhH lIM N ! H N( TlON OH (’HAHAU TL HlSTir DFMONSTRATED, 

F.C., MATUaAl., OA'PONKNT, KTC, 


5 . COMPONENT OH HREADBOARD TESTED IN RELEVANT 

ENVIRONMENT IN THE LAHOR^IOKY. 

6 . MODEL TESTED IN AIRCRAfT ENVIRONMf NT. 

7. MODEL TESTED iN SPACK ENVIRONMENT. 

8 . NEW CAPADILITY DI.KIVTID VHOW A MUCH LESSER 

operational MODEL. 

». RELUBILITY UPORADINC OE AN OPERA rH'NAL MODLL, 
10. LIFETIME EXTENSION OF AN OPLRATION O. MOI)> L. 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. 

1 . TECHNOLOGY REQUIREMENT (TITLE): High Effi ciency. Low PAGE 1 OF 

Cost, Radiation Resistant^ Light-Weight, Si Solar Cells 

2. TECHNOLOGY CATEGORY: Electric Power 

3. OBJECTIVE /ADVANCEMENT REQIITRED; Increase initial and end-of-llfe 

power conversion efficiencies (nr eol> respectively) of solar cells co r| ]• = 

18^ and^ 2^^^= l6^. 

r^ENT STATE OF ART, nT° 1?* nEOL* tresent laborato ry 

silicon cells, p t= foi* GbAs Hetercface cells. 

HAS BEEN CARRIED TO LEVEL 


5. DESCIHUTION OF TECHNOLOGY 

The required new technology is to increase to l8^ AMO and to l6^ AMO 

by one or more of the following approaches: 

1. Texturized, non-reflective (Black) cell. 

2. Solution of open circuit voltage problem. 


P/L REQUIREMENTS BASED ON: □ PRE-A.O A.Q B.Q C/D 
(i. RATIONALE AND ANALYSIS: 

a. Improved and rj gQg will significantly decrease the number of cells 

needed to achieve specified power requirements, and therefore will increase 
power to weight ratios for future solar cell arrays. 

b. Missions requiring solar electric power, and particularly missions requiring 
solar electric propulsion, e.g. The Comet Encke Rendezvous ( PL-24, 1973 
Mission Model). 

c. Advancement will decrease weight and maintain power output of future solar 
cell arrays. Also, reliability of futxire arrays will be increased, 
particularly in space radiation environments. 

d. Simple processes and techniques amendable to high volume production need to 
be developed for processing and handling very thin cells. (Level 9*40) 


TO BE CARRIED TO LEVEL _ 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


1 . TEC HNOLOGY REQUIREMENT(TITLE) ; 


NO, 

PAGE 2 OF __ 


7 . TEC HNOLOGY OPTIONS: 

Power systems utilizing cells of reduced and n will require more cells 
CO supply required power. Also, reduction of Heol ''iH reduce system 
reliability in a space radiation environment. 


8. TECHNICAL PROBLEMS: 

a. Obtaining uniform processing of cells. 

b. Reduction of cell breakage during handling. 

c. Increasing Open Circuit Voltage of cell. 


U. POTENTIAL ALTERNATIVES: 


10 . PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 


EXPECTED UNPERTURBED LEVEL 


11. RELATED TECHNOLOGY REQUIREMENTS: 




DEFINITION OF TECHNOLOGY REQUIREMENT 


1. TECHNC'LOCY REQUIREMENT (TITLE): Power Transfer Across PAGE 1 OF 

Rotating Joints 


:i. TECHNOLOGY CATEGORY: Electric Power 

;>. OB-JECTIVE/ADVANCEMENT REQUIRED; Improve the technology of trans- 
Terring power across solar array to spacecraft rotation joints. 


I. CURRENT STATE OF ART; Sliding contact, mechanical slip rings are 

conventionally used in space. 


HAS BEEN CARRIED TO LEVEL 


5. DESt'HIl'TION OF TECHNOLOGY 

Liquid metal slip rings offer a potential significant advancement in reducing 
noise, power loss, friction and in extending life. The technology is in work 
and has shown clearly the potentials Indicated by theory. 


P/L REQUIREMENTS BASED ON: Q PRE-A.Q A.Q B.Q C/D 


(>. liATK )NALI-: AND ANALYSIS: 

A) Sliding contact, mechanical slip rings have been developed to the point 

of extensive use in space. However their weaknesses in noisr, power loss, 
friction and life warrant efforts to develop alternate approaches. 

B) SEPF, high power microwave TWT's and SSPS can potentially benefit. 


TO BE CARRIED TO LEVEL 






DEFINITION OF TECHNOLOGY REQUIREMENT 

NO. 

1. TECHNOLOGY REQUIREMENTITITLEL Power Transfer Across 
Rotating Joints 

_ PAGE 2 OF ± 

7. TECHNOLOGY OPTIONS: 



Various mechanical configurations of slip rings have been proposed. 


8. TECHNICAL PROBLEMS: 

Contamination due to handling of gallium 

Designing for 1 g and launch loads 


i). POTENTIAL ALTERNATIVES: 

Continue with mechanical slip ring contacts. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

This effort in work at LeRC. A flight experiment has been proposed for LDEF. 

EXPECTED UNPERTURBED LEVEL 

11. RELATED TECHNOLOGY REQUIREMENTS: 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 


1 . TECHNOLOGY REQUIREMENT ITITLE^: Power Transfer Across PAGE 3 OF 

Rotating Joints 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 


SCHEDULE ITEM 


75 


76 


77 


78 


79 


80 


81 


82 


83 


84 


85 


86 


87 


88 


89 


90 


91 


TECHNOLOGY 

Ground Tests & 

^ * Development 

2. Flight Exp. Preps 

3. 

4. 

5. 


APPLICATION 

1. Design (Ph. C) 

2. Devi/ Fab (Ph. D) 

3. Operations 

4. 


i::. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


“T 

TOTAL 


NUMBER OF LAUNCHES 


14. REFERENCES: 

LeRC proposal for LDEF experiment "Liquid Metal Slip Ring Experiment . " 


15. LEVEL OF STATE OF ART 


1. BASIC PHKNOMtNA OKStItVl I) AND MFPOHThD. 

2. TIIFORY H:>ltMrLATt:i) TO DtS( K!BF: ;»IH NOMFNA. 

3. THKOU'i TFSIKI) BY Pin sK'AL r?vPLHIMFNT 

OK MATHEMATICAL MODI L. 

4 . PtHTI.M N r I I NI'TION OR niAKACTEKISTir DEMONSTRATED, 

E.O., MATE RIAL, (’O’PnMNT. ElC. 


5 . COMPONENT OR RREADBOARD TtSTbD IN RELEVANT 
ENVIRONMENT IN TMK UAHOKAlOHY. 

MODEL TESTED IN AIRCRAFT i SVTRONMF NT. 

7. MODEL TESTLD IN SPACE ENVIRONMENT. 

8. NEW CAPAIUI-ITY DLHtVT.D EROM A M’JCII LESSER 

OPERAl lONAL MODEL. 

8. W:LIARILITY UpiiRADINC OE AN OPERArP 'NAI MODEL. 
10. LIFETIME EXTENSION OF AN Oi l lUTION C. MODI L. 
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ADVANCED TECHNOLOGY REQUIREMENT FORM 


1. High Temperature, High Efficiency, Radiation Resistant III-V Compound 
Solar Cells. 

2 . Electrical Power 

3 . Develop High Temperature (300°C) 

Solar cell capability to yield a space efficiency at 300°C ( n ^oo) of 

4. The best laboratory AlGaAs-GaAs Heteroface cell efficiency at 250°C is 
Silicon cells have no output at this temperature. 

5 . The required new technology is to increase h^oo or. more of 

the following efforts persued using AlGaAs-GaAs systems : 

a. Heteroface cells. 

b. Single Graded Band-Gap Cells. 

6. a. The capability of operating solar cells efficiently at 300^ will 

facilitate use of solar cell power systems on near- sun/high radia- 
tion mission. High temperature solar cells will reduce or elimi- 
nate the need for special constraints (such as satellite orientation 
for cooling cells) on the satellite designer. 

b. Missions requiring solar electric power, particularly near- sun/ 
high particle radiation mission; e.g. Inner Planet missions (PL-10, 
11 , 12 , 13 , li^ in 1973 Mission Model). 

c. Advancement will provide a new capability of efficient solar cell 
operation up to 300°C. Also, advancement will decrease weight, 
increase reliability in space pEurticle radiation environments while 
maintaining power output of future solar cell arrays . 

d. This technology will be carried through level 7* 

7 . Reduction of cell efficiency at 300°C may require return to schemes for 
pointing satellite solar power systems away from the sun. This will require 
additional array area to maintain the required power level. 

8. a. Growing thin layers of III-V material of both uniform and graded 

composition material. 

b. Passivation of exposed surface 

c. Maintaining simplicity of processing techniques. 


REPRODUCIBIUTY UF THE 

ORMNAL PAGE IS POUR 
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V, 


9. Radioisotope thermal generator and (possibly) silicon solar cells. 

10 . RTOPs 506-18-21 

506-16-15 

11 . None 

12. "High Efficiency Graded Band-Gap Al^Gai.^As-GaAs Solar Cell," by 
J. A. Hutchby, Applied Physics Letters, 457 ( 1975 ). 

"High Efficiency Graded Band-Gap AlxGa^ _^As-GaAs Solar Cell," by 
J. A. Hutchby, 11th IEEE Photovoltaic Specialists Conference (1975)* 

1973 Mission Model 


" Gai-xAl^As- GaAs 
and J. M. Woodall, 


P-P-n HeteroJ unction Solar Cells, by 
J. Electrochem. Soo. 120, l24g (1973) 


H. J. Hovel 


75 


I, Energy Source and Conversion 

B. Solar and Nuclear Thermal Electric 
No technology areas were identified. 
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I. Energy Sources and Conversion 
C. Chemical Power Systems 

A hydrogen, oxygen fuel cell selected to provide TUG primary electric 
power at approximately 10 Ib/kw will use propulsion-grade reactants. Because 
these propellants should not be fed directly to the alkaline fuel cell, 
ancillary processing must be developed, possibly by modifying a Shuttle 
scrubber. After effecting design changes indicated by engineering- model 
evaluations, powerplants will be fabricated for performance, life-, and con- 
fidence-testing. 

A second requirement is low-gravity radio-frequency mass gauging of 
stratified -supercritical or two -phase cryogens, which are not measurable by 
capacitance methods. This new technique offers potentials for + 1^ accuracies 
and significant weight savings on the TUG. Although early engineering models 
were tested up to 30 seconds in NASA low-gravity aircraft flights, orbital 
verification is required. 
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dehn'ition of technology requirement no. 

1 TECHNOLOGY REQUIREMENT (TITLE); Hydrogen/Oxygen Fuel C ej?AGE 1 OF 

Cell Module for TJG 

1. TECHNOIDGY CATEGORY: Electric Power 

(OBJECTIVE /ADVANCEMENT RF(JIiTREr)- Develop light weight fuel cell 
module. 


L C'l KUKNT SFATP: OF ART: Latest state-of-the-art is the Shuttle fuel cell 

which is approximately 29 pounds per steady state kilowatt. 

HAS BEEN CARRIED TO LEVEL 


r>. m:sc'[{ii>Ti( t\ of technology 

Fuel cells have provided reliable power for the Gemini and Apollo missions, 
including Skylab and ASTP. These early concepts were heavy, low power devices 
which were short-lived and cumbersome. An asbestos matrix alkaline cell is 
being developed for the Shuttle with a power rating of 2 to 12 kw. The 
reactants must be hxgh purity H2<^02 and have an extremely low content of carbon 
hearing compounds. A fuel-c-^11 with a lower power rating and a lighter specific 
weight is required for TUG. The advanced electrode technolqgy has been 
developed to a point where a module should be fabricated and tested. 


P/L EQUIREMLNTS BASED ON: QPRE-A.H A.Q B.Q C/D 
RATlnxAI.K AND ANAL SIS: 

1. Use of propulsion grade reactants in the TUG fuel cell will eliminate the 
need for separate, medicated fuel cell tankage, resulting in lower system 
weights. Technology in this area should be directed toward devices which 
./ill provide an uninterrupted flow of reactants in a gravity environ- 
ment. 

2. Farther weight reductions are required in ancillary component such as 
regulators, pumps and valves to be compatible with an advanced electrode 
fuel celJ. . 


rrv 


TO BE CARRIED TO LEVEL 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 


1 . TECHNOLOGY REQIIIREMENT/TITT.E^; Hydrogen /Oxygen Fuel PAGE 2 OF _ 

Cell for TUG 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 


1 . TECHNOLOGY REQUIREMENT (TITLEI : Hydrogen /OxYgen. Euei RAGE 3 OF 

Cell Module foi TUG 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 


SCHEDULE ITEM 


TECHNOLOGY 

Dev. Program 

.> Life Confidence 
Testing & Design 

3. Flight Qual. 

4. 

5. 


APPLICATION 

1. Design (Ph. C) 

2. Devi/ Fab (Ph. D) 

3. Operations 

4. 


( o 


76 


75*k 


i;:. USAGE SCHEDULE; 


14 REFERENCES; 


1 1 


78 


79 


1 .401 


80 


81 


82 


83 


84 


85 


86 


87 


88 


89 


90 


91 


TFC 1 INOI ,OG Y N i: FD DAT!, 

















T 

1 

OTAL 

NUMBER OF LAUNCHES 


_ 










_ 


mmmma 


— 




FUNDING 


FY 

FY 

76 

77 

$ 550 k 1 

700 K ( 

1 

Dev. 

Prog 

FY 

78 

750K^ 

) 


FY 

79 

1.2M~ 

i Ufe 

Test 

FY 

80 

1.5MJ 



FY 

81 

2.pM" 

' Fit. 

Qual 

FY 

82 

I.OMJ 

1 




15. LEVEL OF STATE OF ART 

1. !V\Sir PHKNOMbNA onSFU' ) P AND HFI'OHTKD. 

2. TIIFOHY FOUMl’lwVTn) TO DES(’I UW, PHI NOMENA. 

3. TfSl KI) BY MCAl. KXPLKIMKNT 
OK MAIHKMYTICAI. MOI^ 1,. 

4 . PEHTIM N r I I NCTlON OH CHAKAt TEHISTIC DEMONSTRATED, 

E,G., MATEUIAL, CO^*rO^^^T. ETC. 


COMPONENT OR RREADBOARD TESTED IN RELEVANT 
ENVtHONMENT .N THE UAtK)R\lX>UY. 

6. MODEL TESTED IN AlRCRAhT EN'/IRONMt NT. 

7. MODEL TESTED IN SP.\rK ENVIRONMENT. 

8 . NEW CAPAIHEITY D:.RUT:D EHOM A MPCII LESSER 

operational model. 

9. RELIABILITY UPGRADING OF \N OPERA TU 'SAL MODEL 
10. LIFETIME EXTENSION OF AN 01 L RATION vL MOI» L. 


80 






DEFINITION OF TECHNOLOGY REQUIREMENT NO. 

1 . TECHNOLOGY REQUIREMENT (TITLE): Radio Frequency Mass PAGE 1 OF 

Quantity Gauging 

2 . TECHNOLOGY CATEGORY: Electric Power 

;J. OBJECTIVE/ ADVANCEMENT REOIITRED- Achieve better than 1 1^ accuracy 
with RF resonants cavity mode analysis technique of gauging 2^ cryogens in low 

gravity fields. 

1. CURRENT STATE OF ART- No technique exists which can gauge 2 phase 

cryogens in a low gravity field. 


HAS BEEN CARRIED TO LEVEL 


5. DESCRIPTION OF TECHNOLOGY 

A fluid container is> regardless of its shape, resonant at a number of different 
frequencies of electromagnetic energy. The freq. for a given resonant mode is 
a function of the size and shape of the cavity, the antenna shape, and the 
density and geometry of the fluid mass. For a given tank configuration, the 
dependent variables become density and geometry of the fluid. E(y tracking the 
freq. of one resonance in one "g", the density is easily determined. The 
resonant freq. from more than one resonant mode is usedrvxa various averaging 
techniques to reduce the dependency of the mass geometry variable for 2 phase 
or stratified supercritico.1 fluids, thus improving accuracy. 


P/L REQUIREMENTS BASED ON: Q PRE-A.Q A,D B.Q C/D 
RATION’AI.E AND ANALYSIS: 

Highly accurate and simple quantity gauging in low gravity environments has not 
yet been successfully demonstrated. The obvious ad*rantage of such a system 
would be a reduction in tanking residuals caused by gauging inaccuracies. A 
increase in accuracy on the shuttle power reactant storage assembly (itiel 
cell tanks) results in a 17»5 lb wt. saving. Improved accxiracy would also 
simplify ground servicing equipment. 

This technology can be used on the TUG. 


TO BE CARRIED TO LEVEL 






DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 


1 . TECHNOLOGY REQUIREMENT(TITLE): Radio Frequency Mass PAGE 2 OF 

Quantity Gauging 

7. TECHNOLOGY OPTIONS; 

Nuclear gauging systems are heavy and have safety disadvantages. Capacitance 
systems are limited to single phase fluids. 


». TECHNICAL PROBLEMS: 


Optim -ation of a best averaging technique for more than one resonant mode. 
Development of a signal conditioner and electronics to detect, track and process 
the frequency info into analog/d igit^l output. 


!). POTENTIAL ALTERNATIVES; 


I 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT; 


EXPECTED UNPERTURBED LEVEL 

11. RELATED TECHNOLOGY REQUIREMENTS: 



DEFINITION OF TECHNOLOGY REQUIREMENT 


NO 


1 . TECHNOLOGY REQUIREMENT /TTT^.E^: Radio Freque ncy Mass PAGE 3 OF 
Quantity Gauging 

TECHNOLOGY REQUIREMENTS SCHEDULE: 


SCHEDULE ITEM 

TECHNOLOGY 

Analysis 

2. Design & FAB 

3. Ground Test 

4. Flight Test 

5. 

APPLICATION 

1. Design (Ph. C) 

2. Devi/ Fab (Ph. D) 

3 . Operations 

4. 

L!. USAGE SCHEDUL 




TECHNOLOC / NEED DATE 
NUMBER OF LAUNCHES 

14. REFERENCES: 



15. LEVEL OF STATE OF ART 

1. !V\SIC PHKNOMtNA ORSERVKD .AND HFPORTKD. 

2. TIIKOKY KOUMriwVTKD TO DKSCKIHF PIII NOMENA. 

3. THFOU^ TFSlTf) DV PHAMCAl. F.NPLKIMKNT 

OK MAIIIKMATICAL MODM.. 

4 . PFKTINLNl , i NCTlON OH CHAHACTERISTIC DEMONSTRATED, 

F.C., MATFHLU.. CO’rONKNT, El('. 


5 . COMPONENT OR AHEAD BOA HD TESTED IN RELEVANT 

ENVIKONMFNT IN THE LAIK)R\10IiY. 

6. MODEL TESTED IN AIRCRAI-T E^V^RON^:i NT, 

7. MODEL TESTLD IN SP.\rK ENMRONMFNT. 

8 . NEW CAPAIUUTY DLIDniD FROM A MUCH LESSER 

OPERATIONAL MODLL. 

9. RELIABILITY UPGRADING OF AN OPERA PH 'NAL MODEL. 
10. LIFETIME EXTENSION OF AN Oil RATIONAL MOD^ L. 








I. Energy Source and Conversion 
D. Ambient Field Trapping 
No experiments were identified. 
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II. Power Processing, Distribution, Conversion and Transmission 

The present MSA mission payload model refects a series of missions which 
would benefit from significant increases in the present state-of-the-art in 
power processing, distribution, conversion and transmission. While it is possible 
to perform these missions with present technology, severe weight, cost and 
reliability would result. The suggested technology improvements outlined herein 
will result in the needed advancements to make these missions more economically/ 
technically feasible. 

A self -aligning multipin electrical connector assembly development is 
outlin^^d which will permit reliable spacecraft interfacing dmlng shuttle ser- 
vicing of orbital spacecraft. Both high and low voltage applications of these 
connector assemblies must be developed to support the projected missions. 

Multi-kilowatt load distribution systems, with highly efficient power 
processing conversion devices, are required for a large series of missions 
including ion propulsion powered plane oo.ry missions. Likewise improvements by 
a factor of two or more in power system lifetime performance, reliability and 
weight reduction are necessary to economically support uhese projected missions. 
Three programs are outlined which will generate the necessary technological 
advancements . 

Mariner class spacecraft, atmospheric probes, planetary landers and 
astericd cometary rendezvous spacecraft, will require increased power system 
operational reliability for extended mission lifetimes. An automated power 
system management system is suggested employing existing microprocessors and 
methodolo;^ of autonomous operation now under development; lifetimes in excess 
of 10 years are required. 

■ Development of a long Jife 10-20IC.Ve unattended power station is required 

for increased shuctle sortie mission time and payload capability. The tech- 
[ oologies required for this development are now in existance (solar array) or 

^ development (shuttle fuel cell)* 



DEFINITION OF TECHNOLOGY REQUIREMENT NO. 

1 . TECHNOLOGY REQUIREMENT (TITLE): Spacecraft Charging PAGE 1 OF 

and High Voltage Interactions With Plasma 

2. TECHNOLOGY CATEGORY: Electric Power 

:L objective /advancement REOTlTREn- Determine theory and verify by 

engineering data to a ccount for Interactions of charged surfaces with 

plasmas . 

L ('URRENT STATE OF ART: Discharges of flight spacecraft due to plasmas hav e 

been Identified whic h have/mav cause failures. Other plasma Interactions are 

being determined experimentally. HAS BEEN CARRIED TO LEVEL — 

5. DESC'UIl'TION OF TECHNOLOGY 

A number of spacecraft have experienced arcs and discharges in flight, some of 
them endangering the spacecraft. An active program in conjunction with the 
USAF is underway to obtain engineering data alnd correlate these data with theory 
to understand the phenomena. The result will be design criteria to prevent such 
discharges on fut\ire SC. Further, for advanced power concepts such as the High 
Voltage Solar Array, an understanding must be obtained of the interactions of 
high voltage (hundreds to thousands of volts) with plasmas. 


P/L REQUIREMENTS BASED ON: □ PRE-A.EI A.Q B.Q C/D 
<> RATlnXALK AND ANALYSIS: 

a. SEPS ( PL-23 thru 26) missions currently plan on a 200-400 volt solar array 
bus; advanced concepts using, on-array regulation would use IIOOV; CTS and 
other advanced communications payloads (CN-1,2,4) will deal up to 45KV, 

SSPS is an ultimate potential user. 


TO BE CARRIED TO LEVEL 


) 


I 




X, 


I 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 


1 . TECHNOLOGY REQUIREMENT(TITLE): PAGE 2 OF ^ 

and High Voltage Interactions With Plasma 
7. TECHNOLOGY OPTIONS: 

Continue ground based tests and attempts to correlate with theory/observed 
flight data; or obtain flight data specifically for the intended purpose and 
verify theory/observations. 


i 


8. TECHNICAL PROBLEMS: 

Ground tests, because of the nature of facilities, provide data which differ by 
orders of magnitudes. 


•J. POTENTIAl. ALTERNATIVES: 

Abandon investigations into charging phenomenon and hope that failures are 
acceptably few. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 


EXPECTED UNPERTURBED LEVEL 

11. RELATED TECHNOLOGY REQUIREMENTS: 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


1 . TEC HNOLOGY REQUIREM ENT (TITLE) ; Spacecraft CharRl,ni 
and High Voltage Interactions With Plasma 


\ 2 . TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 


SCHEDULE ITEM 


PAGE 3 OF 3 




APPLICATION 

1. Design (Ph. C) 

2. Devi/ Fab (Ph. D) 

3 . Operations 


i;:. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF I AUNCHES 


11 REFERENCES: 

LeRC Preliminary Plan for Space Plasma High Voltage Interaction Experiment 
Satellites (SPHIMX B/c). 

February 28, 1975 • 


KEPRODUCIBILITY OF THE 
OKMINAL PAGE IS POOR 


LEVEL OF STATE OF ART 

1. BASIC PHFNOMtNA OIVSFHVl I) .\Nl) MFrOKTKD. 

2. TIIEOHi KOUMriw\li:i) TO I)tS( K!I1F IMIt NOMENA. 

3. TKSIKI) BY PMYMCAL fXPEKlMLNT 

OR NmiiFM\TicAi. \un>n.. 

4 . PERTIM N r H NCTiON OR CIIAIU( TERISTIC DEMONSTRATED, 

E.C.. MATKKIAL. NT. ETC. 


6. COMFONFNT OR RREADBOARD TtSTLO IN RELEVANT 

ENVIRONMENT IN THK LAhOR.\U»RY. 

4 . MODEL TESTED IN AIRCRAI*T ENVIRON Ml NT. 

7. MODE L TE STL PINS PACE E N VI R< >N ME NT . 

a, NEW CAPAHILITY DLRIVTT) FROM A MUCH LESSER 
OPERU lONAL MODLL. 

1. Ri’LlARIl.?TY UpC , raping OF AN OPERA ri“NAL MODEL. 
!9. LI/ETLMF LXTENSION OF AN OH RATION vL MODI L. 







! 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. £ 


1 . TECHNOLOGY REQUIREMENT (TITLE): Unattended Utility PAGE 1 OF _ 

Power Station 

2. TECHNOLOGY CATEGORY: Electric Power 

;L OBJECTIVE/ADVANCEMENT REOUTRED- Development of long life 10-20 KWe. 
low voltage , unatte ided power stations for use dtarlng extended shuttle sortie 
missions. 


I. ('URRENT STATE OF ART: Solar arrays in 10-20 KWe power range are present ly 

available. Shuttle fuel cells in power range 6ire currently under development. 

HAS BEEN CARRIED TO LEVEL 4 


o. DESC'RIl’TION OF TECHNOLOGY 

A 10-20 KWe, shuttle voltage compatible, solar array- regenerative fuel cell 
power system is required to support extended shuttle sortie flights without 
requiring extensive shuttle power capability requirements. The power station 
should be capable of unattended operation for periods up to 1 year, and periodic 
shuttle visits for a minimum of 10 years. 


P/L REQUIREMENTS BASED ON: □ PRE-A,P A,0 B.B C/D 

0. UA TIONAI.E AND ANALYSIS: 

(a) Technology now in existence, or in development, will permit extended shuttle 
sortie flights without unduly restricting the length of each flight by re- 
quiring the shuttle to carry sufficient power capability on each flight. 
Excess Hg Ss P 2 produced on the power station in regenerative fuel cell 
system could be removed from the power station for use on the .orurile. 

(b) Shuttle 

(c) Greater shuttle sortie capability since pc -^r capability for entire mis U n 
is not required to be carried on each fligh' by shuttle. 

(d) Flight test or extensive gx* ound testing of entire of power stati'Ux V'-.^nx.d 
be required to provide qualification of design. 


TO BE CARRIED TO LEVEL 7 


! 


I 



DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. C 


1 . TECHNOLOGY REQUIREMENT(TITLE): Unattended Utility PAGE 2 OF ^ 

Power Station 


7. TECHNOLOGY OPTIONS: 

(a) Decreased shuttle sortie mission duration. 

(b) Increased load capability of shuttle to permit extended power capability 
generation . 

(c) Use of conventional storage system (e.g. batteries) instead of regenerative 
fuel cells. 


TECHNICAL PROBLEMS: 

(a) Development of self aligning multipin Electrical Connector Assembly 
(See DTR # A) 

(b) Development of long-life, reliable fuel ceil system. 


\K POTENTIAI. ALTERNATIVES; 
See 7 above. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 


EXPECTED UNPERTURBED LEVEL ^ 

11. RELATED TECHNOLOGY REQUIREMENTS: 

NONE 



definition of technology requirement 


NO. C 


1 . TECt'NOLOGV REQUIREMENT {Ttti V). Unattended Utility PAGE 3 OF 


Power Station 


12, TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 


SCHEDULE ITEM 


IfflOGBQQDSBBBBBEBfflfflBBIBI 


TECHNOLOGY 
, Develop regenerative 
I* fuel cell-electrol. 
technology 

Ground qual of design 
3 of power station 
' cept 


APPLICATION 

1. Design (Ph. C) 

2. De^'1/Fab (Ph. D) 

3 . Operations 


. USAGE SCHEDUi.E: 
TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


11, REFERENCES: 



TOTAL 


15. LEVEL OF STATE OF ART 


1. a\nr pMK.NMMk NA OIWJ HVt I) AND Mri'«^>Kn.D. 

2. T!!f:OHY MMtMCLATl r) TO DIM IlIltF IMU NOMFSA. 

3. THFoit^ I^NiTD HY J\PI.KIMFNT 

OK MAUD U>D» 

4 . PLM J l.M N» H M TiON I'UAiai TFlUSTir D^ MONST RATED, 

E.<i.. mathiiai.. a 'TO'.fvT. rit . 


8. <;OBI*ONI’NT on nUtAOBOAKD USTED is HEl-EVANT 
ENVIKONMFNI IN TID LAMORAIVKY. 

4. modi; I. Tbs'! ED IN AIRC hah I .SVIRON.^!^ NT. 

7. MODEL TESrED i.N SP.V’K ENMRONMEN f. 

I, NEW CAPAiUI IfY DI.Hm D EKOM A M»’Ot EESSEH 
OPFRAl ION A I. MODEL. 

8. REUARIUT^ Lpt»RAI)|NL OJ AN OPERA fli NAl MODEL. 
10. UEET*ME EXTENvSION Of AN .)i 1 RATION vL MOD> L. 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. ^ 

1. TECHNOLOGY REQUIREMENT (TITLE): Automated Power Systems PAGE 1 OF _3_ 

Majaagement (APSM) 

2. TEC H N( )l ■( )G Y CATEGORY: Elect. .Lc Power 

3. OBJECTIVE/ ADVANCEMENT REQUIRED: Increased operational reUablUty 

for extended missions through automated monitoring, computation, command, and 
control of power syst em functions. 

I. CfUHENT STA TE OF ART: Methodology of autonomous operation now imder 

development; mJ'’x*oprocess-'r^ sensors within present state of the art; light- 
weight sensors a>.:ed furtucx- development. HAS BEEN CARRIED TO LEVEL 3_ 


5. DESCUIPTK/i. OF TECHNOLOGY 

Future planetary spacecraft will have to perform long duration, complex missions 
with significantly less ground control than their predecessors. System 
capability "ill be pressed by the wide variations in power system paraneters: 
long ( >10 years lifetimes) duration; increased action/reaction cycle time (up 
to 8 hours); ability to provide faiilt correction capability autonomously as real 
time ground station intervention cannot occur in real time. The proposed APSM 
system will automatically perform the required monitoring, computational, com- 
mand and control functions without the need for ground intervention. The APSM 
technology whould be developed for both solar array /battery and RTG powered 
spacecraft missions. 


P/L REQUIREMENTS BASED ON: □ PRE-A.Q A.D B,Q C/D 

(>. RATIONALE AND ANALYSIS: 

(a) large earth-spacecraft distances (up to 30 ^ Neptune); lengthening 
action/reaction time; long duration (up to 10 years); extended communlca- 
■ive black-out periods; unique maneuvering and adaptive mission planning 
requirement . 

(b) Mariner Class Spacecraft, atmosphere probes, planetary landers, asteriod/ 
cometary rendezvous, (e.g. PL-21in 1973 Mission Model) 

(c) Ability to quickly respond to changing mission conditions; reduction in 
time /personnel needed for predicted power system response to mission 
sequences; increased science data return due to fewer reqxiired power system 
telemetry channels; continuous power system operation with equipment 
degradation/failure . 

(d) Lightweight current /voltage/temperature sensor development required. 


TO BE CARRIED TO LEVEL ^ 



i 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


1. TECHNOLOGY REQUIREMENT(TITLE): 
Management (APSM) 

7. TECHNOLOGY OPTIONS: 


PAGE 2 OF J. 


Only alternative to APSM is ground -controlled monitoring and operation of the 
power system with the attendant penalties outlined in Sections 5 & 6. 


8. TECHNICAL PROBLEMS: 

Development of lightweight, low-loss sensors for monitoring the operation of 
the power system. 


y. POTENTIAL ALTERNATIVES: 


See 7 above. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT; 
No planned programs 


EXPECTED UNPERTURBED LEVEL 

11. RELATED TECHNOLCXIY REQUIREMENTS; 

Futxire developments in reducing the weight, cost and power loss of spacecraft 
computers would enhance the application of APSM to Planetetry exploration mission. 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 


1. TECHNOLOGY REQUIREMENT mTLEV Automated Power PAGE 3 OF 

Systems Management (APSM) 


12. TECHNOLOGY REQUIREMENTS SCHEDULE; 
CALENDAR YEAR 


SCHEDULE ITEM 


75 


76 


77 


78 


79 


80 


81 


82 


83 


84 


85 


86 


87 


88 


89 


90 


91 


TECHNOLOGY 

1. Functional Req\xirement| 

2. Prel. Design 

3. Detailed Design 

4. Fabrication 

5. Test/Eval. 


APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3 . Operations 

4. 


13. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


“T 

TOTAL! 


NUMBER OF LAUNCHES 


14. REFERENCES: 

"Plan for the Development of Automated Power Systems Management," Jet 
Propulsion Laboratory, EM- 3^2 -25^, 19 Jxine 197^* 


15. LEVEL OF STATE OF ART 


1. R\Sir PHENOMtNA OHSERVKD .AND HEronTED. 

2. TIIF.OKY K>UMl’l^TEl) TO DESCninF. PHENOMENA. 

3. THFOH^ ITSTKn BY PHYSICAL EXPERIMENT 

Oh MATHEMATICAL MODEL. 

4 . PERTINENT H NCTK)N OR CHARACTERISTIC DEMONSTRATED, 
MATERLU., COMPONENT, ETC. 


S. COMPONENT OR BREADBOARD TESTED IN RELEVANT 
ENVIRONMENT IN THE LAHORAIORY. 

«. MODEL TESTED IN AIRCRAFT ENVIRONMENT. 

7. MODEL TESTED IN SPACE ENVIRONMENT. 

8 . NEW CAPABILITY DERIVED FROM A MUCH LESSER 

OPERATIONAL MODEL. 

t. RELIARILITY UPGRADING OF AN OPERATM'NAL MODEL, 
to. LIFETIME EXTENSION OF AN OI’LRATIONaT. MODEL. 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


1. TECHNOLOGY REQUIREMENT (TITLE) : 
Generation and Management, HVSA 


PAGE 1 OF 


2 . TECHNOLOGY CATEGORY: 


Electric Power 


3. OBJECTIVE/ ADVANCEMENT REQUIRED; Increase reliability and performance 
and decrease electrical subsystem weight through multi-kilovolt signal condi- 


tioning with circuits that are integral to the solar array. 


1 . CURRENT STATE OF ART; High voltage array system at voltage ICX) V dc leve ls 
are well within the state-of-the-art, as typified by the Communications Tech- 


nology Satellite (Canadian) to be launched in hAS BEEN CARRIED TO LEVEL 


DESCRIPTION OF TECHNOLOGY 


s considered an upper 


The electronic components (e.g. SCRs) required to perform the necessary switch- 
ing function between solar cell blocks must be capable of blocking 15 kilovolts 
in the forweird direction. The reliability associated with these devices must be 
sufficiently hi^ to support missions of 5 to 10 yeeu:s duration. With the ex- 
ceptions of the high reliability high-voltage switching devices and compatibil- 
ity of high voltage surfaces with plasmas, the technology for high voltage solar 
arrays is available and will improve with the development of high efficiency 
solar cells. The design of the solar array and its individual components must 
be able to withstand the high voltage levels (e.g., up to 15 kV) without voltage 
breakdown. The state-of-the-art is 76V dc on the Canadian Communications 
Satellite. A laboratory solar array at the Lewis Research Center has been 
operated at 15OO volts without problems (Reference 

P/L REQUIREMENTS BASED ON: □ PRE-A.Q A.Q B,Q C/D 


?. RATinNAl.K AND ANALYSIS: 

(a) The 15 kilovolt level for the switching devices is based on the require- 
ments of advanced communication traveling wave tubes as required for the 
communications R & D prototype satellite (CN-OlA). 

(b) In addition to payload CN-OIA, advanced geosynchronous satellites utilizing 
ion propulsion will benefit from this technology. The majority of these 
applications fall in the disciplines of Earth Observation and Communica- 
tion/lfavigation. Further, it is a necessary technology upon which to base 
major SSFS decisions. 

(c) Heavy, complex power conditioning equipment used in low voltage solar 
array systems significantly reduces the reliability of the system. 

(d) This technology advancement should be carried to an experimental demon- 
stration in an automated spacecraft or an early shuttle flight. 


TO BE CARRIED TO LEVEL 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 

1 . TECHNOLOGY REQUIREMENTmTLE^t Solar Array Power PAGE 2 OF Ji 

Generation and Management. HVSA 

7. TECHNOLOGY OPTIONS: 

An alternative to the hi^ voltage SCR may be a ligh voltage electromagnetic 
vacuum relay of sufficiently small dimensions to permit integral accommodation 
with the solar array. Solid state control circuits are technology limited. 
Transistors & SCRs with capabilities beyond a few himdred volts axe beyond the 
state- of -the -art . 


i 


8 . 

1 . 

2 . 


3. 


U. 


TECHNICAL PROBLEMS: 

Interaction of array with charged particle environment (Reference #4) 

Hi^ voltage SCRs with high reliability may not be feasible. SCR thermal 
dissipation on the solar array substrate has presented serious design 
llmittatlons . 

The design of the array to prevent voltage breakdown will be difficult in 
view of the light weight quality of the arrays and the possibility of sharp 

protrusions and discontinuities producing arcing. Shielding presents signi- 
— f leant, weight p^nal tlP.d . 

POTENTIAL ALTERNATIVES: 


Design using a larger number of lower voltage SCRs is possible. 


Design with a higher bus voltage, up to the limit where voltage breakdown may 
present a hazsird with conventional design practice. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

RTOP 502-24-17 "Solar Array Technology for Soleu: Electric Propulsion State" 
could be expanded in scope to also investigate high voltage designs. 


EXPECTED UNPERTURBED LEVEL , 

11. RELATED TECHNOLOGY REQUIREMENTS; 

Electrical power control component technology, high voltage level distribution 
systems . 


i 


J 
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DEFINITION OF TECHNOLOGY REQUIREMENT 

1 . TEC HNOLOGY REQUIREM ENT (TITLE) : Solar Array Power 
Generation and Management, HVSA 

12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 


PAGE 3 OF ^ 


SCHEDULE ITEM 

^ TECHNOLOGY 

1 . 


75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 


APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3 . Operations 


13. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 
NUMBER OF LAUNCHES 


TOTAL 


14. REFERENCES: 

1. "Study High Voltage Soleir Array Configurations with Integrated Power 

Control Electronics," Final Report, Contract NAS 3 -^ 991 , General Electric 

2. "High Voltage Solar Array Experiments," Final Report, Contract NAS 3-1^36h, 

The Boing Company. ,t ^ „ t t d 

3. "Hi^ Voltage Solar Cell Power Generator System, by E. Levy, Jr., R. 

Opjordan, A. C. Hoffman, 10th IEEE Hiotovoltaic Specialists Conference. 
k. "The Interaction of Spacecraft High Voltage Power Systems with the Space 
Plasma Environment," by S. Domltz and N. T. Grier, ^oceedings of the 
Power Electronics Specialists Conference, June, 197^ • 


LEVEL OF STATE OF ART 


1. BASIC PHKNOMKNA OBSERVKD AND HErORTt'D. 

2. THEORY ^'ORMl»LATEl) TO DESCRIBE PHENOMENA. 

3. THFOin TESTED BY PHYSICAL EXPERIMENT 

OK MATHEMATICAL MODEl.. 

4 . PERTINENT UNCTION OR CIIARACTERISTIC DEMONSTRATED, 

E.C., MATEUUL. COMPONENT, ETC. 


S. COMPONENT OR BREADBOARD TESTED IN RELEVANT 
ENVIRONMENT IN THE LABORAIORY. 
e. MODEL TESTED IN AIRCRAFT ENVIRONMENT. 

7. MODEL TESTED IN SP.VCE ENVIRONMENT. 

I. NEW CAPAIULITY DLRIVT:D FROM A MUCH LESSER 
OPERATIONAL MODEL. 

•. RELIABILITY UPGRADING OF AN OPERATIONAL MODEL. 
10. LIFETIME EXTENSION OF AN OPLBATION.xL MODEL. 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. E 

1 . TECHNOLOGY REQUIREMENT (TITLE): Advanced Power PAGE 1 OF 

Proceeslng/Monltorlng System 

2 . TECHNOLOGY CATEGORY: E] setrl n Povar 

3. OBJECTIVE/ ADVANCEMENT REQUIRED; Improvements In life, performance, 
reliability and weight by approximate factors of tvo; Improvements In opera- 
tlonal status and reduction in post flight maintenance time and costs. 

4. CURRENT STATE OF ART; Preliminary desitms of regulation, conversion 

and monitory techniques involved using advanced analytic methods. 

HAS BEEN CARRIED TO LEVEL 4 


5. DESCRIPTION OF TECHNOLOGY 

Power processing and monitoring components that can operate from widely variable 
sources for extended lifetime with high reliability are required for both deep 
space and shuttle missions. Two-fold improvements in current technology are 
needed to maximize scientific return and enhance cost effectiveness. Improved 
technology will also permit real time assessment of safety in the event of 
system degradation/failure. Trend analysis of system performance will decrease 
the time/cost of on-ground shuttle maintenance. Manual override capabilities 
will be incorporated in the selected design for shuttle operation. 


P/L REQUIREMENTS BASED ON; □ P RE-A.Q A,D B,Q C/D 

(5. RATIONALE AND ANALYSIS: 

(a) Shuttle power system maintenance and analysis effort reduced through use 

of impro\'ed monitoring system; Increased shuttle and planetary performance/ 
reliability through two-fold Increase in component lifetime, performance 
and weight reduction. 

(b) Shuttle, planetary mission (See 1973 Mission Model "PL") 

(c) Greater science return at less cost; better performance reliability, life- 
time and lower weight; reduced shuttle power system maintenance effort. 

(d) This technology should be advanced to the point of flight qualifications. 
Ground environment of tests are sufficient to do this. 


TO BE CARRIED TO LEVEL ^ 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 7 

1 . TECHNOLOGY REQUIREMENT(TITLE): Advanced Power PAGE 2 OF 

Processing/Monitoring System 

7. TECHNOLOGY OPTIONS: 

Two types of high performance switching regulators are required: one for low 

voltage ( ^0 volts) inputs, and one for high voltage (200-400 volts). Each 
unit featiires active redundant modules and a high resolution, high speed feed- 
back controller. Time shared on-board computers could be used to eval\iate 
system performance /safety assessment. 


8. TECHNICAL PROBLEMS: 

1. High voltage switching transistors and storage capacitors. 

2. Automatic load sharing between active redundant modules. 

3. Automatic fault detection/trend/safety analysis and module disconnection 
without system interruption. 


y. POTENTIAL ALTERNATIVES: 

1. Low voltage power distribution techniques would simplify design, at 
increased power dissipation/weight penalty. 

2. Time shared on-board computer for performance analysis. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

RTOP #506-23-33 "Long-life, high performance power. 

Processing for planeteu*y applications. 

Effort would need to be expanded to consider trend /safety analysis consideration. 


EXPECTED UNPERTURBED LEVEL 5 

11. RELATED TECHNOLOGY REQUIREMENTS: 

1. Improved high voltage semiconductor components and capacitors 

2. Microprocessor cost /weight redactors and reliability Improvements 

3. Energy rtorage device (e.g. battery) characterizations Improvements 
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DEFINITION OF TECHNOLOGY REQUIRl'MENT 

NO. ® 

1 TFCHNOI nr.Y REQUIREMENT 1TITLE1; Advanced Power 

PAGE 3 OF 

Processing/Monitoring System 



12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 


SCHEDULE ITEM 


TECHNOLOGY 

1. Analysis /Design 

2. Fabrication 

3. Test 

4. 

5. 


APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3. Operations 

4. 


13. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


14. REFERENCES: 

1973 NASA Mission Models 




15. LEVEL OF STATE OF ART 

1. B^IC PHENOMENA OHSEAVtD AND HEPORVED. 

2. mORV CUMULATED TO DESC II! BE PHENOMENA, 

2. THEORY TESri ED BY PHYSICAL EXPERIMENT 

OR MATHEMATICAL MODEL. 

4 . PERTINENT UNCTION OR CIlARACTEmSTIC DEMONSTRATED, 
E.C., MATEUUL, COVPO>4KNT, ETC. 


I, COMPONENT OR BREADBOARD TESTED IN RELEVANT 
ENVIRONMENT IN THE LARORAIORY, 

I. MODEw TESTED IN AIRCRAfT LNVIRONMENT. 

?. MODEL TESTED IN ENVIRONMENT. 

I. NEW CAPAIELITY DLRIVEO FROM A MCCIt LESSER 

operational model. 

t. REUABILITY UPGRA:>INC OF AN OPERATIONAL MODEL. 
IS. UFETIME extension OF AN OLLRATIONaL MODEL. 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. 

1. TECHNOLOGY REQUIREMENT (TITLE): Maltl KW. High PAGE 1 OF ^ 

Voltage Processor and Dlstrlbutloo System for Special Applications 

2 . TECHNOLOGY CATEGORY: Electric Power 

3. OBJECTIVE/ADVANCEMENT REQUIRED- Provide and demonstrate the tech- 
DOlgoy to make possible lightweight, high efficiency, low cost power processin g 
and distribution gystems of multi KW, multi KV levels for spe cial applications. 

•4. CURRENT STATE OF ART: Power processing and distribution systems are in 
various levels of denonstration with output voltages up to 11 KV, out’ ' ut power 
up to 3KW/unit and efficiencies near 90^. HAS BEEN CARRIED TO LEVEL ^ 

5. DESCRIPTION OF TECHNOLOGY 

Advances must be made in all areas (systems^ concepts, circuits, components, 
materials, thermal control) to properly match the increasing demands of various 
loads with the variety of available power sources. Loads now in planning have 
been identified as requiring voltages up to ^5KV and powers up to lOKW/unit with 
5-10 year lifetites. Advanced loads need 500 KW at 5KV for 15 years. Input 
voltages may go up or down while efficiencies must approach the mid to upper 
nineties range, and the weight per KW reduced by a factor 6f 5 ’’o 10. 


» 

P/L REQUIREMENTS BASED ON: g PRE-A.Q A,Q B.Q C/D 

<5. RATK )NALK AND ANALYSIS: 

(a) Advanced travelling wave tubes (CN-1,2,4) will require up to 45 KV and 
certain solar electric propulsion concepts (PL-23 thru 26) may need neeu* 
lOKW of power per thruster. Outer planet Investigations ( PL-15 thru 22 
of the 1973 Ibiyload Model) are being considered using Nuclear Electric 
Propulsion which would demand 50OKW and 5KV levels. These are plateaus 
which must be reached before SSFS, space station and colonization attemps 
can be feasible. 

(b) Payloads using advanced TWTs, such as direct broadcast and disaster 
warning satellites, and solar and nuclear electric propulsion will benefit 
from this technology as will other payloads requiring high voltage and/or 
power. 

(c) Presently the technology does not exist to produce lightweight, reliable, 
efficient, low cost power processing systems for the high power/voltage 
ranges required. 

(d) This technology advancement can be achieved primarily through ground 
tests. Dcmonstration/confidence tests may be required at the systems 
level for user considerations. 


TO BE CARRIED TO LEVEL ^ 


/ 



•w 


i 


•r 


< 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO 


1 . TECHNOLOGY REQUIREMENT(TITLE); Haiti KW. High Voltage PAGE 2 OF 
Power Rrocessor and Distribution System for Special Applications 

7. TECHNOLOGY OPTIONS; — 

The spectrum of technology encompassed Is broad> ranging from Improved 
materials for high voltage/power use, improved electronic components, new 
design and analytical tools for cost reduction, to Improved circuits and new 
systems concepts. 


8. TECHNICAL PROBLEMS; 


Too numerous to list. 


y. POTENTIAL ALTERNATIVES: 
None. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

RTOPs 506-23-3 


EXPECTED UNPERTURBED LEVEL 

11. related TECHNOLOGY REQUIREMENTS: 

Thermal control technology, solar and nuclear power sources TWT and electric 
thruster technologies. 




I 


DEFINITION OF TECHNOLOGY REQUIREMENT NO. 


. TECHNOLOGY REQUIREMENT mTl.EI: Multi KW, High Voltage PAGE 3 OF 




or Soecial Applications 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 


SCHEDULE ITEM 


TECHNOLOGY 

1. SEP Development 

2 • NEP Development 
3. TWT Development 




APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3 . Operations 


i:;. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


H. REFERENCES: 



15. LE VEL OF STATE OF ART 

I. BASIC l>NKNOMk:NA OBKKRVI D ANl> RrrORTKD. 

I. THEORY K>l(.\UXATn)tOIH:scn!fiE S>tll NOMCNA. 

3. Tnrctii\ n.jrrn> by piiymcal experiment 

OR MAlllEMATlCAt 

4, Ptaustsr ILNCTtON OR CIIARACTCRlSTtr DT MONSTRATC 

E.C.. MATEKUL. COVPOMiNT, ETC. 


I. COMiONTMT OR RREAl^BO^ ** LF. IF RELEVANT 

CNVIROKMCNT IN TRY LAi^cu u '.V. 

«. MODEL TESTED IN AlRCfL\r 'I : .N'^iRONMI NT. 

T. MODEL TESTED IN SPAv i i : '.*tRONMf.Nr. 

I. NEW CAPAIttLITY DERIVED YMiM A MUCH LESSER 
operational MOOiL. 

t. REUAMUTY UPf'.RAlHNC Ol AN OPERATIONAL MODEL. 
It. UrCTIME extension or an Ol LRATION vL MOD^ L. 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


1. TECHNOLOGY REQUIREMENT (TITLE): Self-AU 
Low/Hlfdi Voltage Electrical Connector Assembly 



2. TECHNOLOGY CATEGORY; 


Power - Si 


Lai Pet 


3. OBJECTIVE/ ADVANCEMENT REOIITRED- Electrical Interface for resuppl 
and refurbishment of orbiting spacecraft employing low/hlgb voltage distri- 


bution systems. 


i. CURRENT STATE OF ART: I/aw voltage development har dware has been 

fabricated: feasibility of low voltage application has been demonstrated. 


HAS BEEN CARRIED TO LEVEL ^ 


5. DESCRIPTION OF TECHNOLOGY 

Multipin electrical connectors are required to transverse the spacecraft/module 
interface of an in orbit serviceable spacecraft. Connector design will permit 
reliable engagement or interruption of power, data and communication lines ’:.hen 
malfunctioning and/or depleted systems eu*e replaced remotely on am orbiting 
spacecraft. Assemblies capable of being used in both the low ( <75 volt) and 
high ( >75 volt) voltage distribution systems are required. 


P/L REQUIREMENTS BASED ON; □ PRE-A,P A.gJ B.Q C/D 

(5 RATK >N’ALE AND ANALYSIS; 

(a) The present method for orbiting a spacecraft precludes its recovery for 
repair and/or refurbishment. The cost effective solution is to provide 

a Shuttle Tug compatible system to recover, repair and reorbit spacecraft. 

(b) EOS-A,B,C, and Dj SMM; (2^; SSOS; SEC^j SEASAT will benefit in.low voltage 
application. SSPS/SEPS are potentially benefiting payloads in high 
voltage application. 

(c) In orbit repair and/or refurbisha»nt of spacecraft will replace the present 
method of operation (launching a second or back-up spacecraft to complete 
the mission of a malfunctory/deleted spacecraft). 

(d) The test of a model of this type of assembly in a spacecraft (C®E) to 
demonstrate its applicability will satisfy the low voltage technology 
requirement. A flight experiment of a high voltage assembly must be 
performed . 


TO BE CARRIED TO LEVEL X 


[•] 



DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. A 


1 . TECHNOLOGY REQUIREMENT(TITLE): Self-Aligning MultlPln PAGE 2 OF J. 
Low/H 1^ Voltage Electrical Connector Assembly 

7. TECHNOLOGY OPTIONS: 

(a) Develop a conoector for refurbishment and/or repair of malfunctioning 
spacecraft system as described in paragraph No. 

(b) Capture and return spacecraft to earth for electrical disconnection. 

(c) Continue present mode of operation, i.e., launch a backup spacecraft 
to replace the one that has malfunctioned. 


8. TECHNICAL PROBLEMS: 

(a) Alignment and mating of up to 200 power, data and consminicatlon plns/sockets 
including an undetermined number of coeucial interfaces. 

(b) The effect of thermal gradients on pin/socket alignment. 

(c) The effect of hl^ voltage on connector assembly design. 

(d) TERSS compatible-high power with no multlpactlng. 

(e) Connector design must be compatible with megabit data rates. 

(f) Connector must have built in verification of proper engagement. 


9. POTENTIAL ALTERNATIVES: 

Aside from those dlscujsed in Section J, there are no known potential 
alternatives . 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 
®E Spacecraft for low voltage application. 


EXPECTED UNPERTURBED LEVEL 

11. RELATED TECHNOLOGY REQUIREMENTS: 

Developing tool to measure pin/socket engagement and disengagement forces. 


REPROPUCIBILITy OF THE 

ORIilNAL PAQS IS POOR 
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PAGE 3 OF 3 


DEFINITION OF TECHNOLOGY REQUIREMENT 


1 . TEC HNOLOGY REQUIREM ENT (TITLE) : Self -Aligning 

Moltlpln Low /High Voltage Electrical Connector Assembly 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 


SCHEDULE ITEM 


TECHNOLOGY 

1 Design Low Voltage 
Assembly 

2 Pab./Mat Low Voltage 

* Assembly 

o Design High Voltjage 

* Assembly 

4 ^ Pab./Mat High Volta 
Voltage Assembly 

5. 


APPUCATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3. Operations 


i;j. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


14. REFERENCES: 

(a) Plight Support System for Earth Observation Satellites (NASA 5-23203, 

Mod k) SD74-SA-005,'. ^ 

(b) Letter NASA/GSFC Pile No. 8213, Code 730, Subject: Study of Future 

Bayload Technology Requirements, Construct NAS2-8272, F. J« Cepolllna 
to H. Ikerd, G. D. Convalr, dated 10 January 1975* 

(c) "in-Orblt Servicing" - by F. J. Cepolllna & J. Mansfield, pages 46-56 
Astronautics & Aeronautics, Vol. 13, No. 2, dated February 1975* 

* Resupply Units 

1. Low Voltage Assembly 

2. High Voltage Assembly 



LEVEL OF STATE OF ART 

1. BASIC PHENOMENA OBSERVED AND REPORTED, 
a, THEORY >ORMULATED TO DESCIHBE PHENOMENA. 

3, THEORY TESTED BY PHYSICAL EXPERIMENT 

OR MATHEMATICAL MODEL. 

4. PERTINENT t UNCTION OR CHARACTERISTIC DEMONSTRATED, 

E.C., MATERIAL, COMPONENT, ETC, 


8 . COMPONENT OR BREADBOARD TESTED IN RELEVANT 
ENVIRONMENT IN THE LABORATORY. 

8 . MODEL TESTED IN AIRCRAFT ENVIRONMENT. 

MODEL TESTED IN SPACE ENNTRONMKNT. 

8 . NEW CAPAmUTY DERIVED FROM A MUCH LESSER 
OPERATIONAL MODEL. 

t. REUABIL1TY UPGRADING OF AN OPERATIONAL MODEL. 
10. LIFETIME EXTENSION OF AN OI LRATIONAT. MODEL. 
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III. storage 

At present, NiCd batteries are used as the energy storage system for all 
Low Earth Orbiting (LEO) Payloads that have operating life requirements exceeding 
30 to 45 days. There are presently several factors that limit the life ca- 
pabilities of the NiCd batteries. These factors include the effects operating 
temperatures have on material stability, life limits of separator materials in 
the battery electrolyte, useable capacity with voltage degradation, etc. 

Two methods have been proposed to meet these life requirements. The 
first is to upgrade the state-of-the-art of the NiCd battery system including 
charge control and heat removal. The second approach is to develop and flight 
qualify the NiH2 battery system. Both proposals are defined by their respective 
Technology Development Forms. 

There has also been a requirement identified for a high energy density 
battery for the outer planet probes. The propulsion group has a requirement 
for a lightweight battery for use with auxiliary thruster for stationkeeping 
and attitude control. The metal gas cells offer energy density improvements 
by a factor of 2 over NiCd. 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. 

1. TECHNOLOGY REQUIREMENT mTT.E^ NiCd Secondary Battery PAGE 1 OF ^ 

System for rg*r 

2 . TECHNOLOGY CATEGORY: Electric Power 

OBJECTIVE/ ADVANCEMENT REQUIRED: To Improve the life and performance 

of the battery system thereby reducing the required number of revisits. 


L CURRENT STATE OF ART: Present battery systems will require replacement 

at approximately 2.5 year intervals. 

HAS BEEN CARRIED TO LEVEL 

5. DESCRIPTION OF TECHNOLOGY 

There are several factors that limit the operational life capabilities of 
NiCd battery systems. These factors include operating temperatures, useable 
capacity of electrodes after cycling, life limits of sepeirators at operating 
temperatures, etc. Efforts are under way and should be continued to iinder- 
stand the cause of electrode capacity degradation. The capacity can be 
restored by proper reconditioning and a flight system to perform this func- 
tion should be developed. Development of separator materials with longer 
life capabilities should also be pursued. 


P/ L REQUIREMENTS BASED ON; □ P RE-A,^ A.Q B.Q C/D 

(). RATIONALE AND ANALYSIS: 

a) Battery life is at present the pacing item in the requirement for 
revisits of the shuttle for maintenance purposes. 

b) IBT and any other long life earth orbiting payload using NiCd battery 
energy storage system will benefit from this program. 

c) Justification is primarily to reduce required revisits of shuttle, 
therefore resulting in a considerable overall saving to the total 
program. 

d ) The reconditiOi, .ng system should be laboratory tested . Any change in 
sepeurators >r electrodes should be life tested in the laboratory. 


TO BE CARRIED TO LEVEL 
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DEFINITION OF TECHNOLOGY REQUIREMENT 

NO. 

1. TECHNOLOGY REOUIREMENTITITLEL NlCd Secondarv Battery 
System for 1ST 

_ PAGE 2 OF 

7. TECHNOLOGY OPTIONS; 



An option to the NiCd battery system would be one of the metal-gas electrode 
systems. These systems are in relative early stages of development but 
should be given strong consideration since they have potential advantages in 
extending useabl'; life 4-3 times and much simpler change control systems. 


8. TECHNICAL PROBLEMS; 

Prototype reconditioning system has been operated, flight system must be 
developed. Electrode problems are not completely understood and requires 
basic analysis. New sepeurator systems must be developed for improvement. 


U. POTENTIAL ALTERNATIVES: See options above. 

The alternative to solving the technical problems is to use present 
technology and limit operation to the limitations of the system. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 
None planned. 


EXPECTED UNPERTURBED LEVEL 

11. RELATED TECHNOLOGY REQUIREMENTS; 

None anticipated. 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 


1. TECHNOLOGY REQUIREMENT ^TTTT.KV NlCd Secondary. 


PAGE 3 OF 


Rat.t.ia-ry RystAm ffir I£T 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 


SCHEDULE ITEM 

m 


ffll 

Hill 

HUI 

ESI 

1 

BSI 


HS 


§9 


KB 


SI 

51 

□ 

□ 

TECHNOLOGY 

Battery component 
’ analysis 

0 Reconditioning system 
development demon- 
„ stratlon 
3* Battery performance 
demonstration 

4. Life Confidence Test 

5. 


1 

1 

— 









1 

1 

1 

1 

1 

1 

1 




1 

B 

1 

1 

1 


APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3 . Operations 

4. 

1 

1 

1 

1 

1 

1 

1 

1 


1 

1 

1 

1 

1 

1 

1 


1 

1 



1973 NASA Payload Model June 1973 
AST - 6 

Funding cy^76-50 K 

77- 100 k 

78- 100 k 

79.50 k 

80.50 k 


15. LEVEL OF STATE OF ART 

I. BASIC PHENOMENA OBSERVED AND REPORTED. 

J. THEORY ^X:>KMrLATEDTODESCK!BE PHENOMENA. 

3. THEORY TESTED BY PHYSICAL EXPERIMENT 

OR MATHEMATICAL MODEL. 

4 . PEHTINLNT FUNCTION OH CIIARACTERISTir DEMONSTRATED. 

E.C.. MATERIAL, COVPONENT, ETC. 


S. COMPONENT OR BREADBOARD TESTED IN RELEVANT 
ENVIRONMENT IN THE LABORATORY. 

S, MODEL TESTED IN AIRCRAFT ENVIRONMENT. 

7. MODEL TESTED IN SP.\CE ENVIRONMENT, 
t. NEW CAPAWLITY DERIVED FROM A MHCll LESSER 
OPERATIONAL MODEL. 

f. REUARILITY UPGRADING OF AN OPERATIONAL MODEL. 
10. LIFETIME EXTENSION OF AN OI LRATION At. MODEL, 








DEFINITION OF TECHNOLOGY REQUIREMENT NO. 

1. TECHNOl.OCY REQUIREMENT (TITLE): NIH 2 Energy Storage PAGE 1 OF 3 

System for Low Earth Orbit, Long Life Bayloads, IBT 

2 . TECHNOLOGY CATEGORY: Eleotrl Pnwftr 

o. OBJECTIVE/ ADVANCEMENT REQUIREB: Longer life and higher performance 

than available from the present MlCd battery system. 


1. CURRENT STATE OF ART: Early stages of battery development. Cell per- 
formance characteristics demonstrated. — 

HAS BEEN CARRIED TO LEVEL 

5 , DESC' RI I >TI( )N ( )F TEC IINOI.OGY 

Gas electrode batteries offer promise of improved energy densities, better 
temperature constraints and excellent rechargeable prospects. Cells have been 
fabricated and evaluated. Life capabilities of cells and battery systems should 
be demonstrated. 


P/L REQUIREMENTS BASED ON; □ P RE-A, □ A,0 B.Q C/D 

fi. RATIONALE AND ANALYSIS: 

a) LST and other payloads requiring long life performance in low earth orbit 
are presently limited by battery capabilities. Shuttle revisits are placed 
by battery life. 

b) 1ST and others. 

c) Nii^ system should provide a life of 4 times greater than NiCd while also 
providing improvements and simplicity in thermal control and changing 
systems and at least double energy density. 

.) T*'tal systems should be demonstrated as to operational capabilities and 
dfe > onstratlon of life to exceer that of NiCd system. 


TO BE CARRIED TO LEVEL 5 






DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 


1 . TECHNOLOGY REQUIREMENT(TITLE): MlHp Energy Storage PAGE 2 OF 3_ 

System for Low Earth Orbit, Long Life ftiyloads - LST 
7 . TEC HNOLOGY OPTIONS: 

The options are to use NiCd battery systems and operate within their 
capabilities. 


8. TECHNICAL PROBLEMS: 

Known problems have been analyzed. Capabilities now need to be demonstrated. 


y. POTENTIAL ALTERNATIVES: 
See options. 


IJ. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 
Depend on DOD and Consat programs. 


EXPECTED UNPERTURBED LEVEL 

11. RELATED TECHNOLOGY REQUIREMENTS: 

None anticipated. 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO, 


1. TPrHNrm nr.v requirement mTl.E^; ^^^2 Energy Storage PAGE 3 OF 
for Low Earth Orbit, Long Life ft,yload8 - 1ST 


12 . TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 


SCHEDULE ITEM 


TECHNOLOGY 

1 Evaluation of Cell 

* status 

2 Development of 
Battery System 

3 Life Confidence 

* Test Program 

4. 

5. 


APPLICATION 

1. Design (Ph. C) 

2 . Devl/Fab (Ph. D) 

3 . Operations 

4. 


75 


76 


77 


78 


79 


80 


81 


82 


83 


84 


85 


86 


87 


88 


89 


90 


91 


i:». USAGE SCHEDULE: Depends on Schedules Established 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


TOTAL 


14. REFERENCES: 


The 1973 NASA Ih,yload Model, June 1973 • 


15. LE VE L O F STATE OF ART 


1. BASIC rHKNOMkINA OHSERVUD AND BErORTED, 
a, THEORY K>UMCLATEr> TO DESCRIBE PHENOMENA. 

3. THEORY TESTED BY PHYSICAL EXPERIMENT 

OR MATHEMATICAL MODEL. 

4 . PERTINENT EUNCTlON OR CHARACTERISTIC DEMONSTRATED, 

E.C.. MATEKIAL, COMPONENT. ETC, 


I. COMPONENT on BREADBOARD TESTED IN RELEVANT 
ENVIRONMENT IN THE LARORAIORY. 

4 . MODEL TESTED IN AIRCRAJT ENVIRONMENT. 

7. MODEL TESTED IN SP.\CE ENMRONMENT. 

I. NEW CAPAmUTY DERIVED FROM A MUCH LESSER 
OPERATIONAL MODEL. 

f. RELIABILITY UPGRADING OF AN OPERATIONAL MODEL, 
16, UFETIME EXTENSION OF AN OELRATION.VL MODEL. 


! ; 
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DEFINITION Oi TECHNOLOGY REQUIREMENT NO. 

1. TECHNOLOGY REQUIREMENT (TITLE): High Enerjgy PAGE 1 OF 

Density Batteries. 

2. TECHNOLOGY CATEGORY: Electric Power 

3. OBJECTIVE/ ADVANCEMENT REQUIRED: Improvement by factor of 2 over 

NlCd batteries In energy density. Simpler charge control system. 


4. CURRENT STATE OF ART: MlCd cells 


HAS BEEN CARRIED TO LEVEL _J 

5. DESCMUUTION OF TECHNOLOGY 

The metal/gas cell must be qualified In space to meet the requirements of the 
outer planet probes (PL Series) the propulsion working group has submitted a 
requirement for cells for use with auxiliary electric thruster stationkeeping 
and attitude control of geosynchronous satellites. 

(EOF, PHY, AST Series) 


P/L REQUIREMENTS BASED ON: Q PRE-A.Q A,D B.E C/D 
fi. RATIONALE AND ANALYSIS: 

The metal gas cells offer energy density Improvements by at least a factor of 
2 over Nl-Cd. In addition the simpler charge control system (overcheurge 
tolerance) affords considerable promise In reliability and control Improve- 
ments . 

The technology advancements should be carried to an experimental demonstration 
on an early shuttle/COEF flight. 


TO BE CARRIED TO LEVEL _X 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 


1 . TECHNOLOGY REQUIREMENT(TITLE); High Energy PAGE 2 OF 

Density Batteries 

7. TECHNOLOGY OPTIONS; 

Continued use of heavier, more complicated nickel-cadmium power systems. 

High rate silver- zinc cells - not yet qualified ^ flight test and over- 
designed to compensate for zero gravity environment. 


8. TECHNICAL PROBLEMS: 

Availability of electrolyte at catalytic surface of negative electrode 
during charge. Flooding of catalytic surface of negative electrode during 
discharge . 


y. POTENTIAL ALTERNATIVES: 
Over-designed Ag-Zn cells. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

RTOP 506-26-23 

expected UNPERTURBED LEVEL £ 

11. RELATED TECHNOLOGY REQUIREMENTS: 

Fluid control under zero "g" 


I 
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BEyROPUCBlUTY OK THb 

PPUfHftli PAOK IS POOR 







DKl INIliON OF TECHNOLOGY REQUIREMENT 

NO. 

1 TEC HNOUKiY REQUIREMENT ITITL EL High Energ> 

PAGE 3 OF 

Density Batt*''-’es 



12. TECHNOl.Or.Y REQUIUEMENTS SCHEDULE: 

CALENDA*^'" t . AH 


SCHEDULE rn M 


TECHNOLOGY 

1. Analysis/Design 

2. Fab/Pkg. 

3. Test 

4. Flight 

5. Analysis /Doc . 


APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3. Operations 

4. 


i:i. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF IJ^UNCHES 


14. REFERENCES: 



8 9 9 b jlilioliol 8110 



1. "Gravitational Effects on Electrochemical Batteries," Mereiith, Robert E., 
Yuvinall, Gordon L. , sind Uchiyama, A. A.; JPL Technical Report 32-1570* 

2. "Reduced Gravity Battery Test Program," Pinal Report, Contract 952121, 

The General Electric Company. 

3. "The Effect of Weightlessness on the Performance of Batteries and Fuel 
Cells," Eisenberg, Morris Proceedings of the 12th Annual Battery R St D 
Conference ; U.S. Army Signal lab, 1958. 

4. "ibe Sealed Nickel-Hydrogen Secondary Cells," Giver, Jose, and Dunlop, 
James D., J. Electrochemical Society 122 No. 1, p 4, 1975* 

Continued 

15. LEVEL OF STATE OF ART •. coMiocrNT on brcauboard tcstlo in relevant 


I. HASir PNKNOMtNA OnSERVI D A.ND HP PORTED. 

1. THEOHV R>UM PLATED TO DESCIitW: Ptll'KOMENA. 

3. theory tis'ikd dy phymcal experiment 

OR MATHEMATICAL MODI.!.. 

4, PERTIM^NT » LNCTiON OR CIUIUCTCRlSTtC DEMONSTRATCO. 

E.C., MATEKUl., COVPONENT* ETC. 


i. COMPOKFNT OR BREADBOARD TESTED IN RCtCVANt 
BNVIMONMCNT LN THE LABORATORY, 
t. MODEL TESTED IN AIRCRAFT INVtRONMI NT. 

T. MODEL TESTED IN SP.YCE ENVIRONMENT. 

I. NEW CAPAmi.lTY DLRtVXD FROM A MDCtt LESSER 

operatiokal model. 

•. REUAMUTY UPGRADINC OF AK OPERATIONAL MODEL. 
U. UPCTIMC EXTENSION OF AN Ol'LRATION O. MODEL. 


























DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 






BOOK III: OPPORTUNITY DRF^EN TECHNOLOGY 


I. Energy Sources and Conversion 
A. Solar Photovoltaic 

The report of the outlook for Space Study, July 1975 ^ conclude that 
"intensive technology programs and economic studies in — power generation in 
space — shovild be pursued to thoroughly evaluate such concepts relative to 
ground based solutions." Therefore, a long range technology opportunity is the 
development of the Satellite Solar Power Station (SSPS). However, fundamental 
to the economic feasibility of the Satellite Solar Pjwer Station is availability 
of highly efficient, possibly high temperature, advanced photovoltaic energy 
converters. These converters can either be used to produce power alone or can 
be combined with a low-cost solar concentrator. The latter system may be more 
effective, but will require substantial solar cell cooling capability and/or 
cells capable of high temperature operation. 

Three areas of beneficial technology were identified for the basic 
photovoltaic devices: 

a. III-V compound semiconductor solar cells. 

b. Multi -junction, edge-illuminated, silicon solar cell. 

c. Electromagnetic wave energy converter (EWEC). 

The III-V compound cells offer the possibility of a major breakthroiagh on 
increased low temperature efficiency (up to 35^^ AMO at 20°C) by application of 
sophisticated but existing technology developed for photocathodes . These cells 
’ •'uld consist of several layers of binary and ternary materials and would use 
two or more series connected p-n junctions. A less involved technology applied 
to development of the Schottky barrier "AMOS" cell and the AlAs-InGa As Hetera- 
face cell may lead to less spectacular improvements over the present state-of- 
the-art AMO efficiency of 15^ at 20°C. 
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The III-V compound semiconductor materials also offer the unique capability 
of efficient cell operation at temperatures up to Work proposed under 

Technology Reqviirements (mission driven technology) includes development of 
AlGaAs-GaAs cells to be 9^ efficient at 300°C. Thin goal could exceed 10^ at 
300°C for Alx As-Aly G&i.y As (x>y) Heteroface and Graded Hand -Gap 

cells properly designed for high temperature operation. Another approach to 
the solar concentrator /solar cell system is the multi Junction silicon cell 
(MJSC) operated at low temperatures (30°C). Thin device has a demonstrated 
efficiency of 10^ AMO for concentrations up to 500 AMO, when properly cooled. 
Conversely to standard silicon cells, the efficiency of the MJSC increases with 
increasing concentrations. The new EWEC proposed also offers a potential break- 
through on efficiency at both low and higher temperatures; although the fabrica- 
tion technology is quite sophisticated . 


120 



I 


I 


DEFINITION OF TECHNOLOGY REQUIREMENT NO. 

aaasas^gasaga s ■■■! ■■■— , 

1 . TECHNOLOGY REQUIREMENT (TITLE): Solar Cell Array PAGE 1 OF 

for SSFfi 

2. TECHNOLOGY CATEGORY: Electric Power 

:L objective/ ADVANCEMENT REQUIRED- Development of very large, very 

lightweight, inexpensive, hitdi voltage solar cell array. 


L CURRENT STATE OF ART: 


5. DESt'RU'TION OF TECHNOLOGY 
SSPS Requirement 


HAS BEEN CARRIED TO LEVEL 


Current state of art 


Area 

weight/power 

cost 

voltage 


23 bp. Ion. 
1 kg/kw 
$200/kw 
20,000V 


100 sq. m 
15 kg/kw 
$300,000/kw 
70V 


P/L REQUmEMENTS BASED ON; g] PR E-A.Q A,Q B,Q C/D 

(L RATK )NALK AND ANALYSIS; 

a. SSPS concept and feasibility studies indicate that for efficient power 
generation and microwave transmissions the array power leve.’ must be 
about 5 Giga W, at 50 KV. SSPS economically competitive with terrestrial 
power systems, the array must be inexpensive and lightweight to reduce 
transportation costs. 

b. SSPS and large space bases or colonies 

c. SSPS will not be practical without the advancement 

d. Level of technology maturity required: 7 


TO BE CARRIED TO LEVEL 


I 

I 


4 
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DEFINITION OF TECHNOLOGY REQUIREMENT 

NO. 

1. TECHNOLOGY REOUIREMENTmTLEl: Solar Cell Array 

PAGE 2 OF 

for SSPS 


7. TECHNOLOGY OPTIONS: 


If cost, weight, life or size not achieved, solsir cells will not be 
practical for SSPS. 


8. TECHNICAL PROBLEMS: 

a. Solar cells with efficiency near theoretical limit 

b. Fabrication and handling of very thin cells and arrays 

c. Long life array materials (substrate, encapsulant or cover) 

d. Radiation damage prevention 

e. large lightweight concentration 

f. Development of low cost metuods for frontier technology 


y. POTENTIAL ALTERNATIVES: 

Other power generation systems, such as soleu: dynamic or nuclear dynamic 
or thermionic, would have to be developed to meet comparable requirements. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT; 


4 or 

EXPECTED UNPERTURBED LEVEL 

11. RELATED TECHNOLOGY REQUIREMENTS: 

Very low cost space transportation system to geosynchronous orbit. Materials 
and design concepts for large , ultralight space structures. Assembly, 
attitude control, and sun tracking for large ultralight structures. 

Efficient microwave generators. 

Large phased microwave array. 

RF/DC converters. 
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REPRODUCIBILITY OF THE 

ORMNAL PAGE IS POOR 




DEFINITION OF TECHNOLOGY REQUIRE^'ENT 


1 . TEC HNOLOGY REQUIREM ENT (TITLE) : Solar Cell Arraa 
for SSPS 


PAGE 3 OF 


12. TECHNOLOGY REQUIREMENTS SCHEDULE; 

CALENDAR YEAR 


SCHEDULE ITEM 




APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3. Operations 


. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


14. REFERENCES; 


Report of the Outlook for Space Study, July 1975- 



LEVEL OF STATE OF ART 


1. BASIC PHI^NOMKNA OBSERVtD AND HErORTED. 

S. THEORY CUMULATED TO DESCIHBE PHENOMENA. 

3. THEOnv TESTED BY PHYSICAL EXPERIMENT 

OR MATHEMATICAL MODEI.. 

4 . PERTINENT EUNCTION OR CHARACTERISTIC DEMONSTRATED, 

E.C., MATERIAL. COMPONENT, ETC. 


I. COMPONENT OR BREADBOARD TESTED IN RELEVANT 
ENVIRONMENT IN THE LABORATORY, 
t. MODEL TESTED IN AIRCRAFT ENVIRONMENT. 

I, MODEL TESTED IN SP.ACE ENVIRONMENT. 

I. NEW CAPAIRLITY DERIVED FROM A MUCH LESSER 
OPERATIONAL MODEL. 

t. RELIABILITY UPGRADING OF AN OPERATIONAL MODEL. 
10. UFETIME EXTENSION OF AN OTLRATlON.Xt. MODEL. 
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PEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 


1. TECHNOLOGY REQUIREMENT (TITLE): High Efficiency. PAGE 1 OF 

Radiation Resistant. High Temperature. Light Weight III-V Compound Solar Cells 


2 . TECHNOLOGY CATEGORY: Electric Power 

OBJECTIVE/ ADVANCEMENT REOIITRED- Increase Initial and end-of-life 
power conversion efficiencies (H and R , respectively) of solar cells toH = 



HAS BEEN CARRIED TO LEVEL 


5. DESCRIPTION OF TECHNOLOGY 

The required new technology is to increase hj to 205& and 

or more of the following efforts pursued using AlGaAs-GaAs, AlAs - InGaAs , and 
other III-V material systems: 

a. Heteroface cells. 

b. Single and double Graded Band -Gap Cells. 

c. Schottky- Barrier, Multi- junction cells. 

In this area, III V compound semiconductor material are combined with ideas 
which are combined with ideas which are either novel or are older, but prime for 
development using new material technology and capabiiit,y . For example, prelimi- 
nary evidence indicates that a new class of AlAs-In_Q^Ga_^j_ cells will provide 

higher power conversion efliciencies than present A 1 ^ 3 Ga^ 2 -^s-GaAs cells when 

(Continued) P/L REQUIREMENTS BASED ON: □ PRE-A,D A,Q B,D C/D 


(*, RATIONALE AND ANALYSIS: 

a. Improved and will significantly decrease the number of cells needed 

to achieve specified power requirements, and therefore will increase power to 
weight ratios for futxire solar cell arrays. A new high temperature capabil- 
ity will facilitate both use of concentrators with photovoltaic systems and 
near -sun/high radiation missions. 

b. Missions requiring solar electric power, particularly near-sun/high radiation 
missions and missions requiring solar concentration, e.g. SSPS. 

c. Advancement will decrease weight and maintain power output of future solar 
cell arrays. Also, a new capability of array operation up co 30 Q°C is 
possible along with increased reliability, particularly in space radiation 
environments . 

d. Simplified material growth and device processing technique amenable to 
high volume production need to be developed. 


TO BE CARRIED TO LEVEL 


I 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. 

1 . TECHNOLOGY REQUIREMENT(TITLE): High Efficiency, Radla- PAGE 2 OF _ 
tlon Resistant^ High Temperature^ Light Weight III-V Compound Solar Cells 

7. TECHNOLOGY OPTIONS: 

Power Systems utilizing cells of reduced n j and tlgoL require more cells 

to supply required power. Reduction of tIjjql will reduce system reliability 
In space radiation environment. 


8. TECHNICAL PROBLEMS: 

a. Gtrowlng thin layers of III-V material of both uniform and graded composition 
material. 

b. Sxirface passivation. 

c. tfelntalnlng simplicity of jjrocesslng techniques. 


y. POTENTIAL ALTERNATIVES: 
SI Soleir Cells 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT; 
RTOPs 506-l8-.^l 

506-16-13 


EXPECTED UNPERTURBED LEVEL _4 

11. RELATED TECHNOLOGY REQUIREMENTS: 


None 
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DEFINITION OF T ECHNOLOGY REQUIREMENT NO. 

1. TECHNOLOGY REQUIREMENT (TTTT.K^• High Efficiency Radla.- PAGE 3 OF 
tloD Resistant, High Temperature^ Light Weight III-V Compound SolEr C slls 

12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 

SCHEDULE ITEM 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 

TECHNOLOGY 


APPLICATION 

1. Design (Ph, C) 

2. Devl/Fab (Ph. D) 

3 . Operations 


i;]. USAGE SCHEDU LE: ^ ^ 

I I I I I I I I I I I I TOTAl 

TECHNOLOGY NEED DATE -| 

NUMBER OF LAUNCHES — I 

14. REFERENCES: 

"Outlook for Space" document 

"High Efficiency Graded Band-Gap AlyGaj^_^s -GaAs SolAr Cell," by J. A. Hutchby, 
Applied Fhys. Letters 457 (19757* 

"High Efficiency Graded Band-Gap AljjGa^^ As-GeAs p-on-n Solar Cells, ' by J. A. 
Hutchby, 11th Photovoltaic Specialists Conference (1975)* 

"Ge-l .vAl^s-GaAs P-P-N Heterojunction Solar Cells," by H. J. Hovel and J. M. 
Woodall, J. Electrochem. Soc. 120 , 1246 (1973)* 

" 15 ^ Efficient, Anti -Reflection Coated Metal-Oxide-Semiconductor Solar Cell, 
by R. J. Stirn and Y.C.N.Yeh, Applied Phys. Letters 95 (1975)* 


15. LEVEL OF STATE OF ART 


1. BASIC PHENOMENA OBSERVED AND REPORTED. 

2. THEORY KHtMCLATED TO DESCKIBE PHENOMENA. 

3. THEOflV TE.STED DY PHYSICAL EXPERIMENT 

OK MATHEMATICAL MOPE I,. 

4. PEMTIM NT UNCTION OR CHAIUCTEmSTIC DEMONSTRATED, 

E.G.. MATEHUL. COVPO.NENT, ETC. 


S. COMPONENT OR BRCADBOARD TESTED IN RELEVANT 

CNVIMONMENT IN THE LABORATORY. 

MODEL TESTED IN AIRCRAfT ENVIRONMENT. 

T. MODEL TESTED IN SPACE ENVIRONMENT. 

I. NEW CAPAIRLITY DERIVED FROM A MUCH LESSER 
OPERATIONAL MODEL. 

t. REUARILITY UPGRADING OF AN OPERATIONAL MODEL. 
10. LIFETIME EXTENSION OF AN OrLRATION.vt. MODEL. 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO, 


1. TECHNOLOGY REQUIREMENT (TITLE); High Efficiency Radla- PAGE OF 

tlon Resistant. High TemiJerature . Light Weight III-V Compound Solar Cells 


5 . DESCRIPTION OF TECHNOLOGY (Continued) 

fabricated using the Heteroface Structure. This is due to the better match 
between the absorption band of In Q^Ga q 2 .As and the solar energy spectral distri- 
bution. In another example, the S^oti^ barrier solar cell by itself is well 
known and generally suffers from low open circuit voltage. However, MOS theory 
and technology indicates that a properly fabricated imperfect or "lossy" surface 
can be used to provide significant improvement in the voltage. This improved 
voltage, combined with the high short circuit current delivered by GaAs Schottky 
barrier cells, may provide an improved class of solar cells based on a relatively 
simple technology. As a last example, technology recently developed for fabri- 
cating new III-V photocathodes can now be used to fabricate new solar cells con- 
sisting of several layers of different III-V binary and ternary materials combined 
with two or more p-n junctions. The maximum practical efficiency possible with 
this structxare appears to be in excess of 2456 AMO ( a maximum of 355^ AMO may be 
possible ) . 
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DKI'INITION OF TECHNOLOGY REQUIREMENT NO. 

1 , TECHNOLOGY REQUIREMENT (TITLE): Multi -Junction, Edge- PAGE 1 OF 

illuminated, Silicon Solax Cell 

2. TECHNOLOGY CATEGORY: Electric Power 

OI3JECTIVE/ ADVANCEMENT REOIITRED: Improve performance characteristics 

while optimizing the physical configuration of the cell for exposures in the 
range of 1 to 1000 AMO. 

1. ('URRf^NT STATE OF ART: l6 and q 6 Series Connected p+-n-n+ .lunction cells 

have been developed through technology feasibility demonstration. 

HAS BEEN CARRIED TO LEVEL _k 

DKSC'IHl’TfON OF TECHNOLOGY 

The multi -Junction, edge -illuminated silicon solar cell (MJSC) is an integrally- 
bonded, sandwich s-tack of series connected p+-n-n+ unit cells assembled to 
produce a relatively high voltage (36v) and low current (ima) solar cell. 


P/L REQUIREMENTS BASED ON: □PRE-A.Q A.Q B.D C/D 
<i. HATH >\ALK and ANALYSIS: 

a. The MJSC has the potential of efficient operation under concentrated sun- 
liglit of several solar constants, provided excess heat is removed from the 
cell. Since concentrators appear to be cheaper than solar cells, this 
technology could be used on the SSPS. 

b. SSPS and possibly SEPS (Solar Electric Propulsion System) 

c. Use of the MJSC could provide efficient (approx. 10^ AMO) cells for use 
on SSPS. 

d. Should be carried to level 7* 


TO BE CARRIED TO LEVEL J_ 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


1 . TEC HNOLOGY REQUIREMENT(TITLE) : Multi -lunction . Edge- 
illumlnated , Silicon Solar Cell 


7. TECHNOLOGY OPTIONS: 


PAGE 2 OF _ 


As cell efficiency decreases, particularly when used in a concentrator system, 
the specific mass of the array increases which in turn increases the array 
fabrication and launch cost. 


8. TECHNICAL PROBLEMS: 

a. Additional experimental, analytical, and device optimization work is 
required . 

b. Techniques required to passivate the exposed surface and to provide an 
anti -reflection coating need to be developed. 


•J. POTENTIAL ALTERNATIVES: 


Standard Silicon Cells 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT; 


EXPECTED UNPERTURBED LEVEL 


11. RELATED TECHNOLOGY REQUIREMENTS: 
Concentrator Technology. 


Thermal dissipation technology. 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. 

1. TECHNOLOGY REQUIREMlENT ITITLEV Multi -.lunction. Edge- PAGE 3 OF 
illuminated^ Silicon Solar Cell 

12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 

SCHEDULE ITEM 75 76 i77|78|79|8o|8l|82|83|84|85|86|87|88|89l9ol91 


TECHNOLOGY 

1 . 


APPLICATION 
I 1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3. Operations 


i:i. USAGE SCHEDULE: 

1 — I — I — I — I — I — I — I — m — I — I — I I I I ] ■ — 

TECHNOLOGY NEED DATE TOTAL 

NUMBER OF LAUNCHES 

14. REFERENCES: 

"Multi- Junction, edge-illuminated Solar Call;" by B. L. Sater, H. W. Brandhorstj 
T. J. Riley, and R. E. Hart, NASA TMC-71718 U975). 

"High Intensity Solar Cell - Key to Low Cost Riotovoltaic Rawer," by B. L. 

Sater, C. Gordia, NASA TMX-71718 (1975). 


15. LEVEL OF STATE OF ART 


1. BASIC PHk:NOMk:NA OnSfIRVt.D AND irrOHTKD. 

1. theory ^’OltMCl^TED to DESCIl!BE Pill NOMENA. 

3. THEOIt\ TESTED BY PHYMCAL EXPERIMENT 

OR MATHEMATICAL MODI I.. 

4 . PERTINENT | L NCTlON OR CTURACTERISTIC DEMONSTRATED. 
E.C.. ' TEIUAL. COVPONENT, ETC. 


i. COMPONENT OR BREADBOARD TESTED IN RELEVANT 
ENVINOKMENT IN THE LABORATORY. 

«. MODEL TESTED IN AIRCRAIT ENVIRONMENT. 

T. MODEL TETTED IN SP.ACE ENVIRONMENT. 

I. NEW CAPAIVLITY PLRIVIID FROM A MUCH LESSER 
OPCRAIIONAL MODEL. 

t. REUAMUTY UPriRAINNC OF AN OPERA ri* 'NAL MODEL. 
IB. UFETIME EXTENSION OF AN OIL RATION v!. MODEL. 


REPRODUCIBILITY OK TUh 
QRiBINAL PAGE IS POOP 



DEFINITION OF TECHNOLOGY REQUIREMENT NO. 

1 . TECHNOLOGY REQUIREMENT (TITLE): High Efficiency, Low PAGE 1 OF 

C 08 t> Radiation Resis.-ant Electromagnetic Wave Energy Converter (EWEC) 

2. TECHNOLOGY CATEGORY: F.1 Pnwgr 

:L objective/advancement REOllTRFn- Increase Efficiency. Increase radia- 
tion resistance, and reduce cost of converting solar energy to electrical power 
by using a new dipole antenna/dlode detector concept. 

L CMlRRKNT STATE OF ART: Initial efficiency Of laboratory SI Solar Cells 

Is 13 I 0 AMO, and the end-of-llfe efficiency Is 11. 5^. 

HAS BEEN CARRIED TO LEVEL _ 

5. DESC'UIl'TION OF TECHNOLOGY 

Solar electroaagnetlc wave energy Is converted to electrical power or thermal 
energy using an array of small dipole antenms matched ot the wavelength 
spectrum of the sun, coupled with high frequency diode detectors. The maximum 
theoretical efficiency is not yet known, but may be in excess of 


P/L REQUIREMENTS BASED ONt □ PRE-A. Q A,Q B,0 C/D 

HATH >\Al.E AND ANALYSIS: 

a. Improved initial and end -of- life efficiencies and decreased weight will 
significantly reduce the overall weight required to achieve specified power 
requirements. Also, cost of future solar electric power systems could 

be reduced. 

b. Missions requiring solar derived electrical power, e.g. SEPS and SSPS, 

c. Advancement will decrease weight and cost while maintaining power output 
of future space power systems. Also, reliability of future arrays may 
be increased, particularly in space radiation environments. 


TO BE CARRIED TO LEVEL 


( 
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DEFINITION OF TECHNOLOGY REQUIREMENT 

NO. 

1. TECHNOLOGY REQUIREMENTITITLEI: (EWEC) 

PAGE 2 OF __ 


7. TEC HNOLOOY OPTIONS: 

Power systems utilizing cells of reduced efficiency will require additional 
weight to maintain power level. Also increased cost will make them less 
attractive for either SEPS or SSPS. 


8. TECHNICAL PROBLEMS: 

a. General problem of identifying low cost and high reliability material and 
technology for fabricating small dipole antennas on app»*oprlate substates. 

b. Development of extremely high frequency dioder. 


!). POTENTIAL ALTERNATIVES: 

Si and III-V Compound Solar Cells. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT; 
Solar Cells 


EXPECTED UNPERTURBED LEVEL 

11. RELATED TECHNOLOGY REQUIREMENTS: 

Planned Unperturbed Level is 1. 


132 



I. Energy Sources and Conversion 

B. Solar and Nuclear Thermo Electric (Heat Source Technology) 

There are many energy sources available for space power systems. Solar 
concentrator and nuclear heat source technologies are included because they 
provide for long life, cover the entire power range envisioned and can pro- 
vide high power densities. In certain missions, there is a need to provide 
power outside the useful range of solar energy or which requires electric 
propulsion and high power densities. Nuclear heat sources may be the only 
heat source capable of meeting mission requirements. Isotope heat sources 
such as the multi -hundred watt heat source which could be used with thermo- 
electrics , thermionics, or the dynamic erergy conversion systems is included 
as a nuclear heat source. 

The objective of these technologies is to develop heat sources which 
satisfy the entire power range needs and is adaptable to any power conversion 
system. A lofty goal of the nuclear heat source technology is the develop- 
ment of an all purpose reactor capable of scaling to all power level needs 
and adaptable to any power conversion system. 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. 

1. TECHNOLOGY REQUIREMENT (TITLE): Solar Concentrators PAGE 1 OF 4 

High TpmpArftt.iirP Conversion to E lectric Power 

2 . TECHNOLOGY CATEGORY: Blectric Power 

3. OBJECTIVE/ADVANCEMENT REQUIRED; Develop technology for solar concen- 
trators for small (10-300 Kwt)^ Intermidiate (1000-2^00 Kwt) and MW class 

power systems. 

-J. CURRENT STATE OF ART- Miirtmal f^n pcentrator technology at low Power. No 
technology available at large power levels. 

HAS BEEN CARRIED TO LEVEL 

5. DESCRIPTION OF TECHNOLOGY 

There are many potential applications of solar energy in space which range from 
low powers (usvially photovoltaic) to intermediate such as solar- electric pro- 
pulsion to very high powers in the MW class which may be used to beam energy 
back to earth via microwave transmission. This technology is unavailable at 
large levels. This effort should provide the following-- 

a. Define pointing requirements 

b. Develop fabrication methods for low cost lightweight concentrators 

c. Develop methods for pointing and stabilizing large concentrators 

d. Select and develop materials to meet large, low cost concentrators 

e. Ground test to determine performance of concentrator. 


P/L REQUIREMENTS BASED ON ; Q PRE-A.Q A,D B.Q C/D 

<>. RATIONALE AND ANALYSIS: 

a. Solar concentration will permit the efficient conversion of solar energy 
to electric power by providing thermal energy at temperatures useful in 
thermionic, Brayton or Rankine conversion systems. Concentration ratios 
in the range of 1000-3000 are required. Accurate pointing and stability 
of the platform are also required. 

b. Solar electric power and propulsion may enter a number of important missions 
post 1985 such as propxilsion for missions in near sun orbit, disposal of 
hazardous nuclear material into the sun, large space station power and lunar 
base power . 

c. Advanced energy conversion systems will permit high system efficiencies 
(20-35^ + depending on conversion system selected), resulting in substantial 
reduction in size and weight of collector area as compared to photovoltaic. 
Substantial c'^st reductions are also expected. 

d. Testing of suioably scaled concentrator in space to demonstrate capability 
to point and stabilize large structures is required for user acceptance. 


TO BE CARRIED TO LEVEL j_ 


I 




\ 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 



11. RELATED TECHNOLOGY REQUIREMENTS: 

Advanced conversion systems (Brayton, Rankine, Thermionic) 

Large structures 

Pointing and Stabilization 


35 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. 

1. TECHNOLOGY REQUIREMENT IT1TL.EI: Solar Concentrators . PAGE 3 OF Jl 
for Hlyh Temperature Energy Conversioa to Electric Power 

12. TECHNOLOGY REQUIREMENTS SCHEDULE; 

CALENDAR YEAR 


SCHEDULE ITEM 

TECHNOLOGY 
1, Analysls/Design 

2* Fabrication 

3. Gto\and Test 

4. Flight Design & Fab. 

5. Space Demonstration 


7^6 l77 7b 79 80 81 82 83 84 85 86 87 88 89 90 91 


I APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3 . Operations 


i;i. USAGE SCHEDULE; 


TECHNOLOGY NEED DATL 

— — — I 

NUMBER OF IJ\UNCHES 


TOTAL 


14. REFERENCES: 


15. LEVEL OF STATE OF ART 

1. BASIC PHKNOMKNA OnSKRVhD ANU UEPORTED. 

2. TIIEOKY KOUMl’UATtt) TO DESCKIBF. PUrNOMENA. 

3. THFOin ThSTFI) BY SICAL KXPLKlMLNT 

OR MATIIKMATICAI. MOin i.. 

4. PtRTlNLNT UNCTJON OR aiAHACTEmSTIC DEMONSTRATED. 

E.G., MATEUUL, CO^'PO\^:NT, ETC. 


6. COMPONENT OR BREADBOARD TESTED IN RELEVANT 
ENVIRONMENT IN THE LABORAIORY. 

6 . MODEL TESTED IN AIRCRAfT ENVIRONMVNT. 

7. MODEL TESTLD IN SPACE ENVIRONMENT. 

8. NEW CAPAmLlTY DLRIVTD FROM A M'JCII LESSER 

operational MODEL. 

t. RELIABILITY UPCtRADINC OF AN OPERA TH 'NAL MODEL. 
10. LIFETIME EXTENSION OF AN OPERATION vL MOIH L. 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. 

1. TECHNOLOGY REQUIREMENT (TITLE): Nuclear Electric PAGE 1 OF 

Power for Propulsion or Large Power Uses 

2 . TECHNOLOGY CATEGORY; Electric Power 

OBJECTIVE/ ADVANCEMENT REQUIRED: Develop a nuclear heat source 

adaptable to various conversion systems at various power levels. 


I. CURRENT STATE OF AHT: Conceptual designs of various systems, abound 

testing of ZrH reactor accomplished^ Various fast reactor concepts studied. 

HAS BEEN CARRIED TO LEVEL J . 

5 . DESC RI 1 'TK )N ( )F TEC HNOLOG Y 

The nuclear heat source is a costly development item. A reactor which can be 
scaled to any power level and is adaptable to any power conversion system would 
be ideal. Utilization of heat pipes to transfer heat from the reactor to the 
working fluid of the power conversion system would separate the reactor from 
the conversion system. Most reactors are readily scaled in power. Size limits 
may result from control requirements. 

A number of candidate concepts are being investigated. These include the 
gaseous core fast reactor, a UO 2 /M 0 cermet fueled fast reactor, and a UN-Li 
cooled fast reactor. The best reactor concept must be selected to serve as 
many uses as possible. This technology effort should provide the following: 

a. Continue technology development of promising concepts. 

b. Evaluate technology and select most promising approach 

c. Demonstrate capability on ground test. 

d. Demonstrate flight capability in selected experiment. 

P/L REQUIREMENTS BASED ON: □ PRE-A.Q A.Q B,Q C/D 

h. RATION ALE AND ANALYSIS: 

a. The nuclear heat source selected must be capable of operating at tempera- 
tures up to 1800°K (thermionics ) and power levels of 100 KWe to Mwe. 
Conversion efficiencies vary from a high of 35^ (Brayton) to a low of l8^ 
for thermionics. 

b . Nuclear electric power and propulsion may enter a number of missions post 
1990 such as lunar base power, exploration of distant planets, etc. 

c. Power density of nuclear reactor systems and specific impulse attainable 
can only be accomplished in this manner for certain missions. 

d. Testing of a suitable reactor experiment in space to demonstrate performance 
and capability is required for user acceptance . 


TO BE CARRIED TO LEVEL J_ 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 


1 . TECHNOLOGY REQUIREMENTmTLE^: Nuclear Electric PAGE 2 OF 

Power for Propulsion and Large Power Users 


7. TECHNOLOGY OPTIONS: 

The approach of a universal heat source is primarily accommodated by the use of 
heat pipes. Certain energy conversion systems such as Brayton may not reqviire 
this element. This reactor technology is applicable to a wide range of power 
levels and is essentially independent of the energy conversion system. 


8. TECHNICAL PROBLEMS; 

a. Long life, reliable fuel elements. 

b. Reactor fuel-heat pipe bonding 

c. Possible venting of fission products to attain long life 

d. Long term materials comparibility 

e. Neutronics and control 


9. POTENTIAL ALTERNATIVES: 

No known alternatives to high power density and high specific impulse 
attainable with nuclear electric propulsion for exploration of remote 
planets . 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENTS 
Advancement required will not occur without special effort by NASA. 


EXPECTED UNPERTURBED LEVEL 

11. RELATED TECHNOLOGY REQUIREMENTS: 

Heat Pipe Technology 
Brayton Materials 

Rankine Large Radiators (Structures) 

Thermionic 






t 


I 


DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 


1 . TEC HNOLOGY REQUIREM ENT (TITLE) ; Nuclear Electric 
_ Eowei^for Propulsion and Large Bower Users 


PAGE 3 OF 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

______ CALENDAR YEAR 


SCHEDULE ITEM 


TECHNOLOGY 

1. Analysis/Design 

2 . Fabrication 

3. Test 

4. Documentation 

5. 


APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3. Operations 

4. 


75 


76 


77 


78 


79 


80 


81 


82 


83 


84 


85 


86 


87 


88 


89 


90 


91 


l:5. USAGE SCHEDULE: 


TOTAL! 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


14. REFERENCES: 


15. LEVEL OF STATE OF ART 


1. BASIC PHKNOMKNA OBSERVKD AND RErORTED. 

2. THEORY ^X)ltMULATEr> TO DESCRIBE PHENOMENA. 

3. theory tested oy physical experiment 

OR mathematical model. 

4 . PERTINENT t UNCTION OR CIURACTERISTIC DEMONSTRATED, 

E.C., MATERIAL. COVPO.NENT, ETC. 


I. COMPONENT OR BREADBOARD TESTED IN RELEVANT 
ENVIRONMENT IN THE LARORAIORY. 

$, MODEL TESTED IN AIRCRAET ENVIRONMf M. 

T. MODEL TESTED IN SPACE ENVIRONMENT. 

I. NEW CAPABILITY DERIVED FROM A MUCH LESSER 
operational .MODEL. 

9, REUABILITY upgrading or AN OPERATIONAL MODEL. 
10. LIFETIME EXTENSION OF AN OI LRATIONaL MODEL. 
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I. Energy Sources and Conversion 

B. Solar and Nuclear Thermal Electric (Energy Conversion Technology) 

There are a nmber of dynamic and static energy conversion systems which 
should be evaluated for future use. The dynamic systems include Brayton, 
Rankine and Stirling and static systems which include thermionic, thermo- 
electric and dielectric systems. All conversion systems except for the 
dielectric system are adaptable to either solar or nuclear heat soxirce. The 
overall objective of the energy conversion technologies is to determine the 
conversion system or systems best suited to accomplishing mission and 
opportunity goals. A lofty goal for the energy conversion technologies would 
be to converge on and develop on all purpose conversion system eldaptable to 
either a solar or nuclear heat source and scalable to all power ranges. 

The dynamic conversion systems tend to have higher efficiencies and lower 
specific weight systems. However, they have not demonstrated reliability in 
space and exhibit a single point failure mode characteristic. 

The static conversion systems tend to have lower efficiencies and higher 
specific weights. In general, they are considered to offer greater reliability 
throiJigh use of redxmdant power circuits. Thermonic conversion does have the 
potential for efficiencies equal to Rrayton systems. 

The dielectric conversion system has the potential for the highest power 
density of any conversion system. 


BEPROPUCBILrre OP THB 
ORiaiNAL PASS B POOR 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


1 . TECHNOLOGY REQUIREMENT (TITLE): Extra Terr estrial 


PAGE 1 OF Jl 




2. TECHNOLOGY CATEGORY: Electric Power 

;j. OBJECTIVE/ ADVANCEMENT REQUIRED: Development of long life, reliable^ 

efficient and low cost Brayton power systems for various power levels and 


applications . 



planned for 1977 . 


:>. DESC’KII'TION OF TECHNOLOGY 


e Bravton isotope power system 


HAS BEEN CARRIED TO LEVEL 5. 


The concept of using extra terrestrial energy on earth requires that solar 
energy be converted into high voltage, direct current power for microwave 
transmission to rectennas on earth. A Brayton thermomechanical conversion 
system has the potential to provide suitable power at high efficiency (35-^0^)* 

Certain missions such as near sun orbits, disposal of hazardous nuclear material 
exploration of distant planets, etc. require high specific impulse thrusters. 
Solar or nuclear electric propulsion are candidate systems. High voltage 
direct current power is required. 

Low Power systems (l-25KWe) are also ^erved by this technology. 

This technology should provide the following for three power ranges, 1-25 KWe, 

100-500 KWe and the MWe class. (Continued) i— i . i-^ „ i— i ^ 

^ P/L REQUIREMENTS BASED ON; □ PRE-A.Q A.Q B,D C/ D 


(). HATK )NALK AND ANALYSIS: 

a. A 20 kv potential is required for the amplitron microwave generator if 90^ 
efficiency is to be obtained in the transmission system. Several kv may be 
required for electric propulsion. The usual voltages would be required for 
low power systems* 

b. Payloads which will benefit from this activity include future experimental 
space power station laboratories, full sized solar power stations, lunar 
bases, missions to the sun or distant planets requiring high specific im- 
pulse and special applications of low power systems. 

c. The high system efficiency will reduce area of collector, size -^nd weight 
of structure (compared to photovoltaic) and cost of system. 

d. Brayton power system must be tested in space for extended periods of Lime 
to demonstrate reliability and capability. 


TO BE CARRIED TO LEVEL _ 
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DEFINITION OF TECHNOLOGY REQUIREMENT 

NO. 

1 TF.CHNOT.OGY REOUIREMENTmTLEl: Extra Terrestrial 

PAGE 2 OF Jl 

Brayton Energy Conversion (Solar and Nuclear Heat Source) 


7. TECHNOLOGY OPTIONS; 


System performance directly affects collector area and weight. Thirty year 
life may not be attainable. Temperature, performance, life trades will permit 
selection of optimum system. Advancement of materials technology may provide 
full life of system. May replace turbomachinery loop at periodic intervals. 


8. TECHNICAL PROBLEMS: 

1. Thirty year reliable life. 

2. Single point failiire mode (loss of working fluid) demands high containment 
reliability. 

3. Requires good pointing accuracy of concentrator (.05-0.1 deg.). 


y. POTENTIAL ALTERNATIVES: 

Alternatives are photovoltaic, rankine or thermionic conversion systems. 
All alternatives suffer lever efficiencies and higher collector areas. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

Unperturbed technology will result in zero capability in large and intermediate 
systems and partial capability in small systems. 

Low Power 
High Power 

EXPECTED UNPERTURBED LEVEL ^ 

11. RELATED TECHNOLOGY REQUIREMENTS: 

Materials large Structures 

Controls Nuclear Heat Source 

Concentrator s (mirrors) 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 


1 . TEC HNOLOGY REQUIREM ENT (TITLE) : Extra Terrestrial 
ergy Converslor* (Solar a.id Nucleai* Heat Source) 


12 . TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 


SCHEDULE ITEM 


TECHNOLOGY 

1. Design — 

2 . Fabrication 

3. Gbround Test 

4. Design Flight Sys. 

5. Flight Demo Test 

I 


APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3. Operations 


PAGE 3 OF Jt_ 



1 3. USAGE SCHEDULE: 
TECHNOLOGY NEED DATE ^ 


NUMBER OF LAUNCHES 


14. REFERENCES: 


RTOP 506-23.4 


15. LEVEL OF STATE OF ART 


I. BASIC PHKNOMt'NA OHSEAVtO AND <^FrORTEO. 

I. TIIEOKY >t>UMlfLATEDTODESCn!Bf: PHENOMENA. 

3. THrtm\ TESTED DY PHYSICAL EXPIRIMENT 

OK MATHEMATICAL MOOEI.. 

4. PtKTINt NT » UNCTION OR CIIAHACTERISTIC DEMON8TIIATCD. 

C.C.. MATERIAL. COVPONENT, ETC. 


i. COMPONENT OR fiREADBDARD TESTED IN RELEVANT 
ENVINONMENT IN THE LABORATORY, 
t. MODEL TESTED IN AlHCRAfT ENVIRONMENT. 

T. MODEL TESTED IN SP.\CE ENVIRONMENT, 
t. NEW CAPAmUTY DLRIVj:0 FROM A MUCH LESSER 
OPERATIONAL MODEL. 

t« REUAMUTY UPGRAIKNC OF AN OPERATR>NAL MODEL. 
10 . UfETIME EXTENSION OF AN OI'LRATION VT. MODEL. 







I 


DEFINITION OF TECHNOLOGY REQUIREMENT 

NO. 

1 . TECHNOLOGY REQUIREMENT (TITLE); 

Brayton Energy Conversion (Solar and 

Extra Terrestrial 

. PAGE 4 OF Ji_ 

Nuclear Heat Source) 




5 . DESCRIPTION OF TECHNOLOGY (Continued) 

a. Develop det^igns that are lightweight and reliable. 

b. Identify materials requirements and qualify. 

c. Demonstrate performance and life capability via ground test. 

d. If warranted, demonstrate space capability of selected size. 


BEPBQDUCB^ OI^E 

QRM^AL page PwR 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


1 . TECHNOLOGY REQUIREMENT (TITLE); Extra Terrestrial 
Ranklne Energy Conversion (Solar and Nuclear Heat Source) 


2. TECHNOLOGY CATEGORY: Electric Power 

OBJECTIVE/ ADVANCEMENT REOUmED- Development of lot 
reliable RanMne power systems of various power levels. 


PAGE 1 OF Ji_ 


life, efficient 


I. CUKUENT STATE OF ART: Technology for small, liquid metal. Rankine power 
systems partically developed. No technology for large Ranklne space power 


systems exists. Lw gower haS BEEN CARRIED TO LEVEL _5 


o. DKSC' RIl’TION OF TECHNOLOGY The concept of using extra terrestrial energj 
on earth requires that solar energy be converted into high voltage, direct 
current power for microwave transmission to rectennas on earth. A Rankine 
thermo -mechanical conversion system has the potential to provide suitable power 
at high efficiency ( 'V 3056 ). 

Certain missions such as near sun orbits, disposal of hazardous nuclear material 
etc. require high specific impulse thruster. Solar electric propulsion is a 
candidate system. High voltage direct current power is required. A solar 
Ranklne power system has the potential to provide this power efficiently. Low 
power systems in the range of 1-25 KWe may also he served by this technology. 

This technology should provide the following for three power ranges, namely, 1- 
25 KWe 100-500 KWe and the MW class. 

a. Develop designs that are lightweight and reliable. 

b. Demonstrate performance and life capability via ground test. 

c. If warranted, demonstrate space capability of selected size. 

P/L REQUIREMENTS BASED ON: QPRE-A.D A.Q B.Q C/D 


RATIonai.K and analysis: 

a. Many possible applications exist for this technology over a power range 
from 1 KWe to more than Mif'e. 

b. Provides opportunity driven capability for meeting many mission needs. 

c. Good system efficiency will reduce area of collector size, size and weiglit 
of structure (compared to photovoltaic) and cost of system. 

d. Rankine power system must be tested in space for extended periods to 
demonstrate reliability and capability. 


TO BE CARRIED TO LEVEL 
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DEFINITION OF TECHNOLOGY REQUIREMENT 

NO. 

1 TROHNOT OGY REOUIREMENTITITLEI: Extra Terrestrial ■ 

Rankine Enerijrv Conversion (SflLar aPlI NUCieftr) 

PAGE 2 OF Ji. 

7. TECHNOLOGY OPTIONS: 



System performance directly affects system size and weight. Temperature, 
performance, life-trades will permit selection of optimum system. Advance- 
ment of materials may alleviate weight penalties. 


TECHNICAL PROBLEMS; 

1. Two phase flow in zero gravity. 

2. Startup of two ohase flow system. 

3 . Single point failure mode (loss of worlUng fluid) 

4. Requires good pointing accuracy. 


U, POTENTIAL Al.TEIlNATIVES: 

Alternatives to the solar Rankine power system are photovoltaics, Brayton 
thermionic conversion systems. Tre Rankine system is a near competitor 
to Brayton and should have higher efficiencies and lower collector areas than 
photovoltaics cr thermionic s . 


10 PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

I 

Unperturbed technology will provide zero capability at the intermidiate (100- 
500 KWe) and high (> MWC) power levels. 

Low Power ^ ■ 

ri I g.i Power EXPECTED UNPERTURBED LEVEL_0_ 

■■■ '* ' ' ^ 

; l. RKI.ATED TECHNOLOGY REQUIREMENTS: 

Materials 

Controls 

Concentrators (mirrors) 
large Structures (Radiators) 

Nuclear Heat Source 


I 
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i. 


DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 


1 . TEC HNOl ,OGY REQUIREM ENT (TITLE) : Extra Terr estrial 
7?ftnkinft Energy Convferslon (Solar and Nuclear) 


PAGE 3 OF 4 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: Opportunity Driven 

CALENDAR YEAR 


SCHEDULE ITEM 


75 


76 


77 


78 


79 


80 


81 


82 


83 


84 


85 


86 


87 


88 


89 


90 


91 


TECHNOLOGY 

1. System Studies 

2. Design 

3. Fabrication 

4. Test 

5 . Documentation 


APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3. Operations 

4. 


13. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


“n 

TOTAL 


NUMBER OF LAUNCHES 


14 REFt^RENCES: 


15. LEVEL OF STATE OF ART 


1. BASIC PHKNOMKNA OBSERVKD AND REPORTED. 

2. THEORY K'UMULATED TO DESCIimF PliFNOMENA. 

3. ThEOrO TESTED DY PHYSICAL EXPERIMENT 

OH MATHEMATICAL MODEI.. 

4 . PEHTIM NT U'NCTION OH CHARACTEmSl IC DEMONSTRATED, 

E.C., MATERIAL, COMPONENT, ET('. 


5. COMPONENT OR BREADBOARD TESTED IN RELEVANT 

ENVIRONMENT IN THE lABORAlORY. 

6 . MODEL TESTED IN AIRCRAFT ENVIRONMENT. 

7. MODEL TESTED IN SPACE ENMRONMENT. 

8. NEW CAPAmi4TY DLRm:D FROM A MUCH LESSER 

OPERATIONAL MODEL. 

». RELIABILITY UPORADINC OF AN OPERA TlnNAL MODEL 
10. LIFETIME EXTENSION OF AN OI LRATIONAL MODEL. 
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DKI'INITION OF TECHNOLOGY REQUIREMENT NO. 

I TE('UN01.0GY UEQUII^EMENT (TITLE): Extra Terrestrial PAGE 1 OF 

Stlrlln^y Energy nnnvpr.m’on (finlar anri Nuclear H eat Sources) 

2 . TECHNoLOr.Y CATEGORY: Electric Power 

:) . ADVANCEMP^NT REQUIRP^D: Development of reliable > long life, 

efficient and low cost stirlimi; power systems for low powers. 


1. C'L KKENT STATIC OF ART: No technology currently exists for Stirling 

s pace power systems > 

HAS BEEN CARRIED TO LEVEL 0 


.). DKSCMUPTION ()}• Tl'^CHNOLOGY The Stirling energy conversion system when 

combined with a linear generator has the capability of high efficiency at low 

power levels. This could reduce cost of present Radioisotope Thermoelectric 

Generators used on various missions by reducing inventory of radioisotope fuel. 

This technology effort should provide-- 

a. Design of typical systems and components at power levels of 0.2 and 20 KWe • 

b. Identification of materials and other key R Sc T problem areas. 

c. R Sc T on materials, seals, valving, quality of power output from linear 
generator^ lifetime, reliability. 

d. Ground testing of complete systems to determine performance and lifetime 
capability. 

e. If warranted, demonstrate space capability of system at selected power 
level . 


P/L REQUIREMENTS BASED ON: 0 PRE-A,0 A,0 B,0 C/D 
C, RA TK )\AI,K AND ANALYSIS: 

a. High efficiency at low power levels may result in reduced cost power 
systems . 

b. f^yloads which may benefit from this activity are special low power 
applications such as RTG*s. 

c. The high system efficiency will reduce weight and cost of low power 
systems . 

d. Stirling power system must be tested in space for extended periods for 
user acceptability. 


TO BE CARRIED TO LEVEL 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 


1 . TECHNOLOGY REQUIREMENT(TITLE): Extra Terrestrial PAGE 2 OF A 

Stirling fiaergy Coavaraigr. (Snlar and Nuclear Heat Sources) 

7. TECHNOLOGY OPTIONS; 

Performance (efficiency) will directly affect size and weight of concentrator. 


S. TECHNICAL PROBLEMS; 

a. Seal life 


U. POTENTIAL ALTERNATIVES: 

Alternatives are photovoltaic, Brayton, Rankine, thermionic and thermoelectric 
conversion systems. Photovoltaic and thermoelectric systems suffer lower 
efficiencies as well as Brayton and Rankine at very low power levels (100-200 
WE). 


10 . PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

No planned program presently exists. 


EXPECTED UNPERTURBED LEV EL _Q 

n. RELATED TECHNOLOGY REQUIREMENTS: 

Materials 

Structures 

Controls 

Concentrators (mirrors) 

Nuclear Heat Source 



DEFINITION OF TECHNOLOGY REQUIREMENT NO 


1. TECHNOLOGY REQUIREMENT ITITT.E^: Extra Terrestrial PAGE 3 OF Jl 

Stirling Energy Conversion (Solar and Nuclear Heat Sources) 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 


SCHEDULE ITEM 

TECHNOLOGY 
1 , Analysis/Design 

o 

» 

Fabrication 

3. 

Test 

4. 

Documentation 

5. 


APPLICATION 

1. 

Design (Ph. C) 

2. 

Devi/ Fab (Ph. D) 

3. 

Operations 

4. 






1;L usage SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


14. REFERENCES: 



giMHAL PW* » P00“ 


15. LEVEL OF STATE OF ART 


1. BASIC PHENOMENA ODSERVED AND HF PORTED. 

2. THEORY If LATE I) TO DESCRIBE PHENOMENA. 

3. THFOIU nSTED BY PHYSICAL EXPERIMENT 

OR MATHEMATICAL MODEl.. 

4 . PERTINENT HINCTION OR CHARACTERISTIC DEMONSTRATED, 

E.C., MATERIAL. COVPONENT, ETC. 


5. COMPONENT OR BREADBOARD TESTED IN RELEVANT 

ENVIRONMENT IN THE LABORAIORY. 

6. MODEL TESTED IN AIRCRAtT ENVlRONM^ NT. 

?. MODEL TESTED IN SP.ACE ENVIRONMENT. 

8. NEW CAPAIUI.ITY DERIVED FROM A MUCH LESSER 
OPERATIONAL MODEL. 

I. RELIABILITY UPGRADING OF AN OPE RATH ^NAL MODEL. 
10. LIFETIME EXTENSION OF AN Ol'LRATION O. MODEL. 









DEFINITION OF TECHNOLOGY REQUIREMENT 


NO 




DEFINITION OF TECHNOLOGY REQUIREMENT NO. 

1 . TECHNOLOGY REQUIREME:'IT(TITLE): High-Performance PAGE 2 OF 

Thermionic Conversion — 

7 . TEC HNOLOGY OPTIONS: 

During the present rtt stage running through late 1970*s, technolog> 
options will be indicated. 


». TECHNICAL PROBLEMS: 

The technical problems involved in thermionic -conversion R & T, are selection, 
demonstration, and integration of improved emitters, collectors, and plasma- 
loss -reduction devices. 


y, POTENTIAL ALTERNATIVES: 

No competive high-temperature, low-pressure static thermal -energy converter 
is available. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

RTOP 506-24-21 

EXPECTED UNPERTURBED LEVEL 

11. RELATED TECHNOLOGY REQUIREMENTS: 

a. Materials selection and evaluation 

b. Liquid-metal heat-pipe development 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 


1 . TECHNOLOGY REQUIREMENT ^TTTT.F.\- High-Performance 
Thermionic Conversion 


PAGE 3 OF 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 


SCHEDULE ITEM 


TECHNOLOGY 

1 Select, screen, test 
* converter components 

2. Determine & specify 
electrode processing 

3. Verify 30^ 
efficiencies, 

4 extrapolate 10-year 
lives 

5. 


APPLICATION 

1. Design (Ph. C) 

2. Devi/ Fab (Ph. D) 

3. Operations 

4. >100We missions 


75 


76 


77 


78 


79 


80 


81 


82 


83 


84 


85 


86 


87 


88 


89 


90 


91 


1.!. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


TOTAL 


14. REFERENCES: 

NASA, ERDA Thermionic -Conversion Program Reviews 
RTOP's 506-2U-2I, 506-16,31 
Outlook for Space 

Future I^yload Technology Requirements Study 


15. LEVEL OF STATE OF ART »• 

1. lUSIC rHKNOMLNA OKSFUVH) AND nFIY>RTKD. 6. 

2. TIIKOH^ TO DtSI'KIHK Pill NOMFNA. 7. 

3. THFniU T^ STi:n n\ Pin^lCAL I XPLKlMtNT 8. 

OH M\iiirM\ncAL Miini i.. 

4. PKHTl.M N ? H N('noN OR OIAHA( TKHISTIC DKMONSTRATED. 9. 

F.n.. MATFHIAL, C\'VpO\hM. KTC. 10. 
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COMi*ONFNTOH flREAUBOARD TtSTLD IN RELEVANT 
ENVIRONMENT IN THE LAR0R.41OHY. 

MODEL TESTED IN AIRCRAl-T ENVIRONMENT. 

MODEL TESTLD IN SPAf'F ENVIRONMENT. 

NEW CAPAmUTY DLRlVTD FROM A MUCH LESSER 

operational MODLL. 

RELLARILITY UPGRADING OF AN OPERATInNAL MODEL 
LIFETIME EXTENSION OF AN OI LIUTION O. MODEL. 


.1 f 




DEFINITION OF TECHNOLOGY REQUIREMENT 


1. TECHNOLOGY REQUIREMENT (TITLE): Solar Dielectric 


PAGE 1 OF _ 3 _ 




2. TECHNOLOGY CATEGORY: Electric Power 



HAS BEEN CARRIED TO LEVEL 


5, DESCRIPTION OF TECHNOLOGY 


The use of a thin film of dielectric material with electrically conducting 
cover layers is bonded to the surface of the spacecraft. The device operates 
by alternate heating and cooling of the dielectric (rotating spacecraft). 


P/L REQUIREMENTS BASED ON; □ PRE-A.Q A.Q B,0 C/D 


RATIONAEK AND ANALYSIS: 

Forecasts of the kg/we for this device range from 2.0x10*^ for the 1975-1985 
period to 1.0x10 '5 for 2000. 

The propulsion working group submitted a requirement for a flight qualified 
system with appropriate power conditioning for electric propulsion loads. 


TO BE CARRIED TO LEVEL X 





I 


\ 


DEFINITION OF TECHNOLOGY REQUIREMENT 


1. TECHNOLOGY REQUIREMENTmTLE^: Solar Dielectric 
Power Conversion 


PAGE 2 OF 2. 


7. TECHNOLOGY OPTIONS: 

Ambient field trapping; solar fiiotovoltaic , solar thermionic, Mass per unit 
power ratios of 10-100 kg/kw or kg/we ratios of 1-7x10*2 (1975-85) or 7x10*3— 
3x10*2 (2000). 


8. TECHNICAL PROBLEMS: 

Requirement for alternate heating and cooling: 

Suitable Dielectric materials 

Bonding materials cover layer material 


y. POTENTIAL ALTERNATIVES: 

Solar PV 
Field Trapping 
Solar Thermionic 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 
unknown 


EXPECTED UNPERTURBED LEVEL 3 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


1. TECHNOLOGY REQUIREMENT (TTTT.E^; Solar Dielectric, 
war Conversion 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 


NO. 


PAGE 3 OF 


SCHEDULE ITEM 

TECHNOLOGY 

1. 

Analysis 

2. 

Design 

3. 

Test 

4, 

Flight 

5. 

Anal, of Acc. 

APPLICATION 

1. 

Design (Ph. C) 

2, 

Devi/ Fab (Ph. D) 

3. 

Operations 

4. 

Flight Qual. 





i:i. USA GE SCHEDULE : 

TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


14. REFERENCES: 


1 1 312 313 4l4l4|4 


TOTAL 

I 


33 


1. "Report of the Outlook for Space Study/' July 1975* 

2. "A Forecast of Space Technology/' Vol. II., July 1975* 


15. LEVEL OF STATE OF ART 

1. BASIC PHKNOMKNA OaSERVKD AND HFrORTED. 
t. TIIEOKY fX>UMl LATED to describe IMDNOMENA. 

3. THEOIU TEffl'En BY PHYSICAL EXPERIMENT 

OK MATHEMATICAL MODEL. 

4. PERTINENT H NCTlON OR CHARACTERISTIC DEMONSTRATED. 

E.C.. MATERIAL. COVPONENT, ETC. 


6. COMPONENT OR BREAD BOARD TESTED IN RELEVANT 

ENVIRONMENT IN THE LABORATORY, 
t. MODEL TESTED IN AIRCRAFT ENVIRONMI NT. 

7. MODEL TESTED IN SPACE ENMRONMENT. 

t. NEW CAPAHILITY DLBI\T:D FROM A MUCH LESSER 
operational model. 

f, RELIABILITY UPCRADINC OF \N OPERA rH'NAL MODEL. 
10. LIFETIME EXTENSION OF AN 01 LRATION vL MODEL . 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. 

1. TECHNOLOGY REQUIREMENT (TITLE): Nuclear Thermoelectric PAGE 1 OF ^ 

Power Systems 

2 . TECHNOl.OGY CATEGORY: Electric Power 

:J. objective/ ADVANCEMENT REQUIRED! Increase the efficiency by a factor 

of two (up to 14^), Increased life, po s sible use as an alterne.tlve to RTGs 
at power levels of $00-2^00 We. 

1. ('UHRENT STATE OF ART: SlllcQn-ijfertDanlumj. tellurid e units with efficienci es 
up to 5^. 

HAS BEEN CARRIED TO LEVEL 7 


3. DESC'RIPTION OF TECHNOLOGY 

Thermoelectric conversion, because of the present low efficiency (55^) is 
limited to relatively low power (l00-1500We) applications which are required 
for very long periods of time (RTGs). The most pressing needs are (l) to 
determine the interference problems with scientific instruments when the RTG 
is integrated into the spacecraft; (2) to perform theoretical and experimental 
studies to determine the potential capability of this system; (3) to identify 
candidate thermoelectric materials which should be developed by ERLA for appli- 
cation to MSA missions and (4) identify new thermoelectric conversion materials 
which can significantly improve RTG performance. 


P/L REQUIREMENTS BASED ON; Q PRE-A.Q A,0 B,0 C/D 

(). rationale and ANALYSIS: 

RTGs are an established, space tested (model), power source for mars lander 
and outer planet missions. Long range planning documents indicate a continuing 
need for RTGs. A review of the 197i mission Model indicates at least 15 flight 
isotope power systems of varying performance and power levels are needed 
through the 198 g's. 

The high cost of using actual RTGs in instrument and other integration studies 
clearly indicates the need for a program which will characterize the RTG and 
produce simulators which may be '\sed in screening, development and integration 
testing. Both Pu-238 and Cm-244 fuels should be assumed. A future generation 
of thermoelectric conversion systems for use in space will require reactor 
power sources. Work should be undertaken to cliaracterize conversion materials 
and devices to be used with reactors. 


TO BE CARRIED TO LEVEL 7 


\ 

( 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. 

1. TECHNOLOGY REQUIREMENT(TITLE): Nuclear Thermoelectric PAGE 2 0F.2- 
Power Systems 

7 . TEC HNOLOGY OPTIONS: 

The present tellurides are suitable for hot junction temperatures of 800-950°K 
and produce efficiencies of 4.5-6^. 

The Si-Ge units operate from 1150 to 1250 K and produce efficiencies of 4-6^. 


8. TECHNICAL PROBLEMS; 

Degradation of high performance selenide materials. 
Shielding requirements for Cm-244. 


i). POTENTIAL ALTERNATIVES: 

Use of dynamic conversion cycles or thermionlcs. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

RTOP 506-24-41 Nuclear Thermoelectric Systems Technology 
Plasma Core Reactor Research 

EXPECTED UNPERTURBED LEVEL ^ 

11. RELATED TECHNOLOGY REQUIREMENTS: 

THE 
POOR 


repbopucbu^ ' 
ORlflIHAL PAGE IS 


158 









DEFINITION OF TECHNOLOGY REQUIHEMENT 


NO 


1 , TECHNOLOGY HEQUmEMENT (TITLE):. 
Power Systems 


PAGE .3 OF 


12. TECHNOLOGY HEgLIHEMENTS SCHEDULE: 


CALENDAR YEAR 


SCHEDULE ITEM 


TECHNOLOGY 
1. Analysis/Design 

- . Fabrication 
3. Ground Test 

Flight Design/Fab. 
5. Space Demonstration 


APPLICATION 

1. Design (Ph. C) 

2. Devi/ Fab (Ph. D) 

3 . Operations 


. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF lj\UNCHES 


IF REFERENCES: 





Input data Pkg. to Power Working Group "Outlook for Space Reference Volume" 

A Forecast of Space Technology 

RTAC Aa Hoc Working Group Report ^ May, 1975* 


LEVEL OF STATE OF ART 


1. BASIC PMKN'JMtNA OMSt HVk I) \Nl) HFKiHU.D, 
a. TIIFOHV K'ltMCLATl I) TO DFM K!UF JMH NOMKNA. 

3. Telinia r>srn>in » \m HIMI.NT 

OK Mom i.. 

4. PFHTl.M N »“ H N( TiON Oil CUAKAi rFKISTIC m MONSTRATKO. 

f.O.. MATMIUL. (1 fjc. 


9. COMPONI'NT on ftRtAl>BOA!’J) I tSTbD IS RF.I.I.VANT 
CNYIKOSMFNI IN TNK LAW)R\U»HY. 
t. I40DF.L TfcSlI.D IN AIRCRAFT \ ^VIRON.M^ NT 
7. MODKl. TFSrtn iS SPACF FNMRoNMFNT . 

9. NtW CAPAlUl.ITY I»;.Hm i) HIOM A M»’CI! U.S^FR 
OPERA.iONAI. MODtL. 

9. RFLIAHII.ITY liptiRAIHNC OF OPFRA Ht S\1 MOLitt. 
10. UFETIMF LXTFNSION OF AN Oi 1 ION vt. MOl>^ F. 


3 









I. Energy Sources and Conversion 
C. Chemical Conversion Systems 

Two technology requirements are proposed for Chemical Conversion Systems. 
They are: 

1. Dielectric Film Stack Cryogenic Tank Insu.lation 

2. Fuel Ceil Technology Advancement 

Improved insulation systems are required for future missions where 
cryogens must be stored for long periods of time. The use of reidiation 
shields which selectively reflect certain wavelengths of heat energy poten- 
tially offer an order of magnitude reduction in heat Icflk to spacecraft 
cryogenic tankage. 

A large photovoltaic space station power system will require a j^,rge 
energy storage system to provide dark side power. A regenerative fuel cell 
system consisting of a fuel cell in conjunction with an electrolysis cell 
offers significant weight savings relative to conventional secondary battery 
systems. A development program to match fuel cells with electrolysis cells 
having 5000 hour life is required. 

Other fuel cell technology advancements include development of cheap, 
stable catalysts, ion-exchange membrane fuel cells which offer life, weight 
and cost advantages and "Nafion" hollow fiber fuel cells which offer size 
and weight reductions. 

All chemical conversion technology is considered as opportunity driven. 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 


1 TECHNOLOGY REQUIREMENT (TITLE): Dielectric Film Stack PAGE 1 OF ^ 

Cryogenic Tank Tnsiilat-lnn 

TECHNOLOGY CATEGORY: EJ ^ eetrlc Power 

OBJECTIVE/ ADVANCEMENT REQUIRED: Reduce recent theory to practice by 
,ii?.sign end fahrinatlnn of a high perfnrmft. nce InHiilating material which shields 
oyer the 1-100 micrometer spectral range. 

1 . t UHUENT STATE OF ART: rm-T»pnt. hpnt. Ipaka t n stored cryogens range from 

.0^ to .S BTU/HR FT^ of surface area. 

HAS BEEN CARRIED TO LEVEL _ 

DESCRIPTION OF TECHNOLOGY 

Low boil-off containers for cryogenic fluids are yacuum jacketed dewars. 
Attention is given to minimizing heat paths across supports and radiation 
through the vacuum jacket. Multiple layers of flexible metalized films (Au, 

Ag, or AL) are used in the annulus for the purpose as are powders and glass 
beads or micro spheres. 


P/L REQUIREMENTS BASED ON: □ PRE-A.Q A.Q B,Q C/D 

(i. RATK >\AI.E AND ANAi .^SIS. 

Mission durations of 6 months to several years are desirable in earth orbit and 
are required for deep space exploration. Vastly improved cryogenic insulation 
will greatly reduce boil-off. For example a 225 ft. vessel would on a one year 
mission, boil-off 50 bo 70 lbs of Hp with a spectral film stack insulation, 
whereas a conventional diwar would ocil-off 5OO-7OO lbs. Based on shuttle 
costing rationale ($50k/lb) a 600 lb saving represents approximately $30m. 

This technology can be used on the tug. 


TO BE CARRIED TO LEVEL 






DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 


1 . TECHNOLOGY REQUIREMENT(TITLE): Dielectric Film S tack PAGE 2 OF 

CryOf^enic Tank Insulation (Elec. Power) 

7. TECHNOLOGY OPTIONS: 

Develops in-flight refrigeration or liquifaction systems which would be heavy 
and expensive. 


8. TECHNICAL PROBLEMS: 

A film stacx design is needed which will provide a high reflectance over a 
wider band of the spectrum than is now available. Also a MFG problem of 
thickness control on J ft. wide roils needs to be solved. 


I). i>oti;ntial alternatives: 

Continue to try to improve existing insulation schemes; however, the potential 
is limited . 


in. PLANTs’ED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 


EXPECTED UNPERTURBED LEVEL 


11. RELATED TECHNOLOGY REQUIREMENTS: 



1 


I 


DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 


1 . TECHNOLOGY REQUIREMENT rTTTLEI; Dielectric Film Stack PAGE 3 OF 
Cryogenic Tank Insulation 


U. TECHNOLOGY REQUIREMENTS SCHEDULE; 

CALENDAR YEAR 


SCHEDULE ITEM 




76 


i ( 


78 


79 


80 


81 


82 


83 


84 


85 


86 


87 


88 


89 


90 


91 


TECHNOLOGY 
1 . Analysis 


3. 

4. 


5. 


DES, FAB & Test 2-10 
layer samples 

FAB & Test 20-40 
layer samples 
Qualify 


APPLICATION 

1. Design (Ph. C) 

2. Devi/ Fab (Ph. D) 

3 . Operations 

4. 


i;:. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF IJ\UNCHES 


“I 

TOTAL 


14. REFERENCES: 


15. LEVEL OF STATE OF ART 

1, IWSir PHKNOMtNA OUSKIIVU) AND nFITlHTKD. 

2, TIIFOKY fOKMri^lFD TO Dt.SrKIDK IMU NOMKNA. 

3, THKolO TFSTI'I) BY PMYs’f'AL hXPTHlMTNT 

OH MAinFM\TlCAl. MUDI.D. 

4 , PtKTIM NT K NCTION OU CHAlUf TEIUSTir DEMONSTRATED, 

E.C., MATtULXL, (WPONENT, TIC. 


5. COMPONENT OR BREADBOARD 1 1 ST ED IN RELEVANT 

ENVIRONMENT IN THE LAHORA'l'ORY. 

6. MODEL TESTED IN AIRCRAl-T ENVlHONMf NT. 

7. MODEL TESTLD IN SP.\('F ENVIRONMENT. 

8. NEW CAPABILITY DLRlVTiD KKOM A MUCH LESSER 

OPERATIONAL MOULL. 

9 . RELIABILITY UPGRADING OF AN OPERA Hi 'SAL MODEL 
10. LIFETIME EXTENSION OF AN OI I.IUTION VL MODEL. 
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I 


POWER 

DEFINITION OF TECHNOLOGY REQUIREMENT NO. 

■ '' ■■■■■"■■ j 

I TFCMINOI ()C;V REQUIREMENT ITITI. EL Advanced Fuel Cell PAGE 1 OF 3 

Technoio^ 

TP'rilXC )L( Hi Y CATFGOUY: Electric Power 

‘ 1\'K/ ADVANCFMKNT REQUIRED! Investigate several possible 

in fue.] cell technology to increase eiTiciency, life, and 

decrease cost> ___ _ 

i. ( ri{RKNT STAl'K MF ART: _Current fuel cells have expensive and short lived 

,..ca.taiy.st.,-T. — They re-aii.1re technolQiZY advancements to ext end liie and decrease 

weight. HAS BEEN CARRIED TO LEVEL 

T). I)ESC'UIi>TION OF TKniN()I.(X'.Y 

1. Today fuel cells use noble metal catalysts for acceptable system opera- 
tion. In order to attain long lifetimes the system temperature must be I 
kept lov (300^F). New catalysts must be found which are inexpensive and 
stable over long operating lifetimes. 

2. Fuel cells are being developed for Shuttle. Electrolysis units are being 
developed for life support systems. These concepts need to be combined in | 
a regenerative fuel cell system program. 

j. New concepts for fuel cells which offer potential advantages in performance, 
life and weight have been brought to various stages of R & D. Further 
development is required. 

4, The ion-exchange membrane concept developed by GE has shown by test that 

performance is invariant over 35^000 hours of operation. The potential I 
exists for a 100,000 hour system. j 


P/U REQUIREMI NTS BASED ON: nPRE-A^n A,D 3,0 C/D 

i; HAW >\A1.F AND ANAUYSIS: 

1. Significant cost savings can be realized in fuel cell systems if a 
cheap stable catalyst can be found for low temperature fuel cells. 

2. For advanced applications such as solar arrays on space stations re 
large ^ower storage is required for the dark side operation, a re^. ?r- 
ative fuel cell offers an attractive weight advantage over secondary 
batteries . 

3- Where requirements may dictate an extremely long life fuel cell, no 

degradation, and one v' Ich is capable of usine propulsion grade reactants 
the ion-exchange membrane (lEM) concept is very attractive. 


TO BE CARRIED TO LEVEL 


1o4 





DEFINITION OF TECHNOLOGY REQUIREMENT NO. 

1 . TECHNOLOGY REQUIREMENTfTITLEk Advanced Fuel Cells PAGE 2 OF 

Technology 

7. TECHNOLOGY OPTIONS: 

The options which exist today are confined to hydrogen/oxygen fuel cells for 
space applications. 


TECHNICAL PROBLEMS: 

1. Noble metal catalysts are too costly and tend to be poisoned easily. 

2. Work in system optimization needs to be done in regenerative fuel cell 
systems . 

3. Further research in new concepts such as the hollow fibre fuel cell should 
he directed toward lowering IR losses, and finding ways to control tempera 
cure. 

4. The lEM concept needs system optimization. 

y. POTENTIAL ALTERNATIVES: 

None. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOIXIGY ADVANCEMENT: 

1. A low level effort is underway to develop single cells and small stacks 
of the lEM Concept. 

2. The hollow fibre concept has been investigated in the laborrr-ory at JPL. 


EXPECTED UNPERTURB ED LEVEL 

11. RELATED TECHNOLOGY REQUIREMENTS: 
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Energy Sources and Conversion 
A. Ambient Field Trapping 

No experiments were identified. 
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I 


. 1 . 


II. Power Processing, Distribution, Conversion and Transmission 

A series of technology advancements are required in the power processing, 
distribution, conversion and transmission area to support future mission re- 
quirements. While an exact set of missions cannot be delineated which require 
the technology requirements described herein, there exists a general class of 
high energy, high voltage, long life missions that would benefit immeasureably 
from these technology advances. In fact, several missions included in this 
classification would not be feasible with existing technology, or that forecast 
for availability within the required time periods without a significant effort 
by MSA. 

A high voltage (IOOV-I5KV) distribtion system will be required for 
satellites employing advanced communication travelling wave tubes and ion 
propulsion. If a reliable high voltage distribution is not available, severe 
weight, power loss and thermal dissipation penalties must be paid where 
present low voltage distribution systems are employed. A series of suggested 
technology requirements are outlined to permit development of a high voltage/ 
power system. Further advancements will be required for the SSPG, space 
station and colonization class of power systems (gigawatt power processing 
and distribution systems) with corresponding increases in reliable operational 
lifetime (up to 10 years). 

Development of the SSPS system will result in the requirement for a 
highly efficient/reliable means of satellite- to-ground transmission and re- 
conversion system. For laser energy transmission to become attractive for 
SSPS-type application, substantial improvements in on-the-ground reconversion 
efficiency must be accomplished. A suggested program for development of a 
highly efficient GaAs Schottky Barrier Diode laser energy photovoltaic con- 
verter is discussed. Microwave transmission of energy remains a potentially 
viable alternative, although no specific programs are outlined. 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. 

1 . TECIlNOl.OGf REQUIREMENT (TITLE): Power Processing and PAGE 1 OF 3 _ 

Distribution Systems for Gigawatt Class Power Systems 

2. TECHNOLOGY CATEGORY: Electric Power 

:t. OR.IECTIVK/ADVANCEMENT RKOUTREr)- Advance the technology to permit 

processing and distribution of gigawatt class power system. 


1. CURRENT STATE OF ART: Most power systems currently being flown are in th e 
few hundred watt class. Up to ^Okw systems are in early development phases and 
are being discussed for NEP. HAS BEEN CARRIED TO LEVEL 

5. DESCRIPTION OF TECHNOLOGY 

An ultra large class of power systems will be req.uired for SSPS, space station, 
or colonization attempts now under discussion. The technology to provide per- 
haps 5 gigawatts of processing and distribution must be approached through 
various plateaus of power levels; 5 kw is in hand, ^0 kw and 500 kw ar€: proposed 
technology. Intermediate steps between 500 kw and 5 gigawatts must be reached. 

A variety of power sources must be accomodated as well as several types of 
loads. The need for 30 yeax life times and the resultant testing and confidence 
building programs place a significantly different emphasis on the technology. 


P/L REQUIREMENTS BASED ON: QPRE-A.n B.Q C/D 

r>. RATK )\A1.E AND ANALYSIS: 

a. SSPS studies have identified needs in the gigawatt class. 

h. SSPS, space station, colonization would all benefit from this technology 
advancement. 

c. These ad'^^Bncements in power processing and distribution are mandatory to 
the accomplishment of the above stated missions. 

d. T’his technology must eventually grow to flight status if the gigawatt-' class 
power systems are to become reality. 


)F 'ruB 
POOR 


TO BE CARRIED TO LEVEL 


tlfclPROUUCIBlLa’Y ' 

ORIGINAL PAGE B 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 


1 . TECHNOLOGY REQUIREMENT(TITLE): Pr^,>PsP!^ng and PAGE 2 OF ^ 

Distribution Systems for Gigawatt Class Power Systems 

7. TECHNOLOGY OPTIONS: 

Options and possible approaches must be identified and an approach structured. 
The options are systematic, that is, they must interrelate with the source 
(solar, nuclear or other), the load, transportation and assembly techniques, 
maintenance requirements and accessability . 


8. TECHNICAL PROBLEMS: 

Concept, approach, source and load definition, materials, long life testing 
techniques, weight, efficiency, thermal control. 


<J. POTENTIAl. ALTERNATIVES: 

None if the proposed uses are to materialize. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOIXDGY ADVANCEMENT: 
Existing work on RTOP 506-23-3 is barely embryonic. 


EXPECTED UNPERTURBED LEVEL 

11. RELATED TECHNOLOGY REQUIREMENTS: 

Many 






DEFINITION OF TECHNOLOGY REQUIREMENT 


1. TECHNOLOGY REQUIREMENT ITITLE): Power Processing and RAGE 3 OF 




ms for Qlgaw 


Systems 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 


SCHEDULE ITEM 



APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3 . Operations 


. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


14. REFERENCES: 




15. LEVEL OF STATE OF ART 

1. BASIC PHKNOML'NA onSKBVKD AND PORTED. 

2. THEORY formulated TO DESCK’UF. PID NOMENA. 

3. TESTED BY rH\MCAL EXPERIMENT 
OK MATHEM.ATICAL MODM.. 

4. pertinent H:NCTK)N or CIlARACTERlSTir DEMONSTRATED. 

E .C. . MATE RUE, COVTONENT, ETC. 


5. COMPONENT OR BREAD BOA HD TESTED IN RELEVANT 

ENVIRONMENT IN THE LAIon^lOHY. 

6. MODEL TESTED IN AIRCRAFT ENVTRONMI NT. 

T. MODEL TES’fED IN SP.\CE ENMRON.MENT. 

I. NEW CAPARIUTY DERIVED FROM A MUCH LESSER 
OPERATIONAL .MODEL. 

f. RELIABILITY UPGRADING OF \N OPERA rinNAl MODEL, 
10. LIFETIME EXTENSION OF AN OI L RATION vL MODh L. 








DEFINITION OF TECHNOLOGY REQUIREMENT NO. 

1 . TECHNOLOGY REQUIREMENT (TITLE): Higher Bus Voltage PAGE 1 OF 

Power Processor and Distribution System Technology 

2. TECHNOLOGY CATEGORY: Electric Power 

OBJECTIVE/ADVANCEMENT REOUTREr)- Develop the technology to permit tu?e 

and eventual standardization of a higher bus voltage for housekeep ing and 
general purpose space missions. 

1. CURRENT STATE OF ART: 28 VDC/llOVAC are ro utinely used on SPacecrart; 

76 VDC Is being used on CTS. 

H.4S BEEN CARRIED TO LEVEL 


DEHC'UIPTION OF TECHNOLOGY 

A suitable busline voltage In excess of lOOVDC, and perhaps an AC voltage higher 
than 110, should be established. The various technologies should be pursued 
and demonstrated to permit use of these Increased line voltages. Specifically 
Intended are: 

--Power processors, complete with controls, regulation, etc., at increased 
power levels 

--Distribution systems, including remotely controlled switches, sensors, 
conductors, substations, connectors 
--Long life, high efficiency, low weight and low cost goals 
--Systems consideration, EMI, noise, compatability. 


F/L REQUIREMENTS BASED O N: □ PRE-A.Q A.Q B.Q C/D 

UATIonau: AND ANALYSIS: ! 

a. At power levels above several hundred watts the copper weights, power 
losses and thermal dissipations impose increasing penalties. These 
penalties can be significantly reduced at higher (greater than 100 VDC) 
voltages instead of the traditional 28 VDC. 

b. Shuttle could have benefited significantly by using a higher bus voltage; 
any future payload or vehicle requiring greater than several hundred watts 
can achieve a savings. 

c. Improvements can be significant in weight reductions, electrical 
efficiencies, and thermal losses. 

d. Ground based tests are suitable for all aspects of technology development. 

A space demonstration flight may be necessary for user confidence. 


TO BE CARRIED TO LEVEL J_ 










DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 

1 . TECHNOLOGY REQUIREMENT(TITLE): Hltdier Bus Voltage PAGE 2 OF ^ 

Power Processor and Distribution System Technology 

7. TECHNOLOGY OPTIONS: 

Current low voltage bus systems can continue to be used for some time with the 
attendant penalties. However, at some power levels these penalties can become 
prohibitive . 


8. TECHNICAL PROBLEMS: 

High voltage, high power switching devices and distribution components, long 
life time materials at elevated voltages, plasma current interactions. 


U. POTENTIAL ALTERNATIVES: 
None. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

RTOP 506-23-3 currently applies 


EXPECTED UNPERTURBED LEVEL 


11. RELATED TECHNOLOGY REQUIREMENTS; 






173 



DEFINITION OF TECHNOLOGY REQUIREMENT 


1. TECHNOLOGY REQUIREMENT (TITLE) : 
Photovoltaic Converter 


PAGE 1 OF 


HAS BEEN CARRIED TO LEVEL 4 


5. DESCRII'TION OF TECHNOLOGY 


Match the energy band-gap of GaAs, Schottky Barrier iiodes to the photon 
energy of the laser to obtain maximum efficiencies. Preliminary efforts have 
resulted in efficiencies up to 30^^* 


P/L REQUIREMENTS BASED ON: □ PRE-A.Q A.Q B.Q C/D 


rationale and ANALYSIS: 

a. High efficiency p.. 'x . . . mission and conversion must be obtained if the 
SSPS ‘s ever to bo i<; . •-x.L.j.e. 

b. SSPS 

c. Higher efficiency, lower cost, smaller size of SSPS. 

d . Level 5 • 


BtfB0DUCIBU^0|^ 

Sbwinal pm* ■ 


TO BE CARRIED TO LEVELS 



\ 







DEFINITION OF TECHNOLOGY REQUIREMENT 


1 . TECHNOLOGY REQUIREMENT(TITLEI: Laser Energy 

Photovoltaic Converter 


7. TECHNOLOGY OPTIONS: 


PAGE 2 OF J. 


Decreased Laser Conversion Efficiency with increased cost and size of SSPS, 


TECHNICAL PROBLEMS: 

a. Increasing open circuit voltage of diode. 

0 . Possible materia- problems (contacts, A/R coating, etc.) for high 
energy density operation. 


!». 1>0TENT1AL A 1,1 E RNATIVES: 


Microwave transmission and detector. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

RTOP ^06-25-52 


EXPECTED UNPERTURBED LEVEL 


11. RELATED TECHNOLOGY REQUIREMENTS: 

High efficiency GaAap ''AMOS" solar cell. 





I 


DEFINITION OF TECHNOLOGY REQUIREMENT NO. 

1. TECHNOLOGY REQUIREMENT ITITLEV Laser Energy PAGE 3 OF 

Photovoltaic Cony.erter . 

'■2. TECHNOLOGY REQUIREMENTS SCHEDULE; 


CALENDAR YEAR 


SC HE DULL ITEM 

7 3 

76 

77 

7« 

1 — 

79 

1 

80 

1 

81 

82 

r 

83 

1 — 
84 

1 

L^5 

86 

87 

88 

89 

1 — 

90 

91 



TECHNOLOGY 

1. 

•) 

3. 

4. 

5. 






i 

i 

i 

i 

i 


1 

! 

1 

i 






1 



APPLJ'^ATION 

1. Design (Ph. C) 

2. Devl/Eab (Ph. D) 

3 . Operations 

4. 


1 


! 


1 



! 



j 

1 





1 

! 



i:;. USAGE SCHEDULE; 


TECHNOLOGY NEED DATE 

















T 

OTAL 

NUMBER OF LAUNCHES 




















M. REFERENCE‘'; 


"Photo-Voltaic Conversion of Laser Energy," by R. J. Stirn, in Proceedings of 
oocond Laser Energy Conversion Conference, at NASA-Amer . Research Center, 
January, 1975 • 


15. LEVEL OF STATE OF ART 

IVVSir PHKNOMb'NA OHSKHW I) AND I'OHTED. 

Z. TIIFOH\ to I)FS( KIIU' IMII NOMENA. 

3. THKniD 1>STI.D BY HtVM' \^EXPEHIM^ST 

OK M-\1I1EM\-'|CAI. MOI,. 1,. 

4. PERTIM N r \ rNCTiUN OK ('HAIUrTEHISTU DEMONSTRATED, 

E.n., MATEKIAL, (’ON’PONFNT, E1c\ 


5. COMtONKNT OR RREADBOARD TESTED IN RELEVANT 
ENVIRONMENT IN THE LAIWRAWUY. 
fi. MODEL TESTED IN AIRCRAhT ENVlRONMf NT. 

7. MODEL TESTED IN SPACE ENVIRONMENT. 

8. NEW CAPAmLlTY HI RIVTD FROM A MUCH LESSER 

OPERA! lONAL MoDLL. 

9* RELIARILITY UPOHADINC Of \N OPERA HONAL MODEL 
10. LIFETIME EXTENSION OF AN OIL RATION VT, MODEL, 
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DKI'INITION OF TECHNOLOGY REQUIREMENT 


NO. 


J TKfMINOl .OCiV REQUIREMENT mTT. EL Ultra High Power PAGE 1 OF 2_ 

Energy Conversion and Transmission System Technology 

2 . TEClINOLOr.Y CATEGORY: Electric Power 

;!. ODJECTIV'E/ ADVANCEMENT REQUIRED: Provide the technology to permit 
conversion, transmission, reception and reconversion from space to planet of 
power levels in the gig" att class. 

I. CURRENT STATE (»F ART: Mirmwavp transnii .q.q-i nn nf a few hunrireri watts near 

50^ efficiency is being accomplished on CTS; laser transmissions of 1'^ 

efficiency for 1000 km distances can be BEEN CARRIED TO LEVEL 

agcompiished^ . - — , — , ■ _ ^ 

3. DKSCUIl^TiON OF TIXMINOLOGY 

Radical advances in efficiences and power levels must be achieved in the areas 
of conversion, transmission, reception and reconversion of gigawatt class 
power levels. Both laser and microwave approaches have been proposed and are 
in various stage of technology. An aggresive and well organized technology 
attack should be conducted to exploit the potential of these two approaches. 


P/L REQUIREMENTS BASED ON: QPRE-A.O A,Q B.Q C D 
C RATinNAl.U AND ANALYSIS: 

a. The gigawatt class of power levels has been identified by SSPS conceptual 
studies . 

b. Colonization attempts could be solely dependent upon this technology, as 
is SSPS. 


TO BE CARRIED TO LEVEL 



177 






DEFINITION OF TECHNOLOGY REQUIREMENT NO. 

1 TECHNOLOGY REQUIREMENT(TITLE): Ultra High Power PAGE 2 OF 

Energy Conversion and Transmission System Technology 

7 . TEC HNOLOG Y OPTIONS: 

Microwaves and lasers both offer potential advantages and each has its own 
disadvantages. Both need coxatinued exploitation and development (perhaps 
also research) to fully evaluate their ultimate capabilities and limitations. 


8. TECHNICAL PROBLEMS: 
Numerous . 


<J, POTENTIAL ALTERNATIVES: 

1. Do not strive for SSPS capability. 

2. Consider other schemes for powering a space colony. 

3. Identify and exploit altex^nate transmission concepts. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 


EXPECTED UNPERTURBED LEVEL 


11. RELATED TECHNOLOGY REQUIREMENTS; 








III. storage 

Past Phase "b" studies of the 8 to 10-man space station have indicated 
a requirement for a high capacity NiCd battery system of approximately 100 
amp. hrs. The requirements for development Eire determined by the Technology 
Requirement Form. An alternate battery approach to solving this problem is 
the use of a metal-gas battery system. There is a proposal for the development 
for a smaller battery of this type in The Mission Driveo Section of this re- 
port. The technology defined under that proposal will also apply to this 
application. 

Anothe ">nergy storage system with potential for high energy density is 
the use of flywheels for mechanical storage. This will be particularly true 
if the development programs for high strength fiber composites and new concepts 
in fabrication of these devices are successful. Details of this technology 
proposal are available from the Technology Development Form. 

The Regenerative Fuel Cell is also considered an improvement over 
batteries for electrical energy storage for high energy systems. A proposed 
technical program for that system is included under Chemical Conversion in 
this report and the same technology will apply for this application. 
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DKI- INITION OF TECHNOLOGY REQUIREMENT NO. 


1 . TECHNOLOGY REQUIREMENT (TITLE): N-i-Cd Batteries PAGE 1 OF Ji_ 

for Space Station Application 


2. TECMINOLOGY CATEGORY: 

Electric Power ( 17 ) 

UllJECJ lVE/ ADVANCEMENT REQUIRED: Development and demonstration of 
high capacity, long life NiCd battery systems. 



t. CURRENT STATE OF ART: 

Smaller NiCd batteries have been extensively 

used in spacecraft. 



HAS BEEN CARRIED TO LEVEL 


■). DESCKIl'TlON OF TECHNOLOGY 

Past studies of the 8 to 10 man space stations indicated a requirement for 
a 100 Amplir. NiCd battery system. Prototype cells have been built a-'d 
preliminary thermal packaging concepts have been analyzed. There are several 
factors that presently limit the operational capabilities of NiCd . batteries 
and therefore affect the supporting subsystems. Idiese limitations include 
capacity degradation at useable voltage levels, operating temperatures, 
charge and discharge rates, and depths of discharge. These operating limits 
will be more restrictive in large cell application. 

Improved technology is required to support the requirements of long life, 
maintainability, etc. 


P/l, REQUIREMENTS BASED ON: QPRE-A.Q A,0 B.Q C/D 
(i RA TJ< )\A1.F AND ANALYSIS: 

a. f^st Hiase B studies on the initial space station resulted in a 
recommendation for a solar array source with a NiCd battery for 
energy storage. 

b. The space station requires higher performance and longer life than 
previously demonstrated by NiCd batteries in addition to module 
maintainability . 

c. The high capacity batteries should de’^onstrate a capability to pro- 
vide a two year life time while operation at an acceptable of per- 
formance by laboratory test program. 


TO BE CARRIED TO LEVEL 8 
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DEFINITION OF TECHNOLOGY REQUIREMENT 

NO. 

1. TECHNOLOGY REOUIREMENTfTITLEL Laree NiCd Batteries 

PAGE 2 OF 4 

for Space Station Application 


7. TECHNOLOGY OPTIONS: 


Probably the characteristic of NiCd batteries that has the biggest impact on 
operational performance is the degradation of the useable capacity. This is 
particularly true for operation above 20^C. Obviously one approach to mini- 
mize this effect is to maintain the batteries at a lower temperature (lO^C). 
This obviously impacts the vehicle thermal control system. Another option 
is to provide on-board reconditioning capability. Some improvement in 
materials .nd manufacturing of electrodes, separators and electrolyte will 
also improve capabilities. In all probability, all options open for improve- 
ment of NiCd battery operations will be required to support the space station 
reqLiirements . 


8. TECHNICAL PROBLEMS: 

Techniques for maintaining lower temperatures and inflight reconditioning 
are known but must be developed. The changes in electrode characteristics 
during cycling is not completely understood. The first step in improving 
this operation is to acquire an understanding of this basic problem. This 
will probably require an extensive test program. 


0. POTENTIAL ALTERNATIVES; 

Other methods of providing the required energy storage system include the 
development of a regenerative or secondary fuel cell system or metal-gas 
electrode battery systems. 


10, PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

There are no other programs requiring the large MiCd cell however any im- 
provement in basic NiCd battery technology will bene '.t this requirement. 


EXPECTED UNPERTURB ED LEVEL ^ 

11. RELATED TECHNOLOGY REQUIREMENTS: 

Thermal Control System will be Impacted but no technology problem anticipated 




i 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. 

1 TKrn\’()i (K’.Y MEIHIIREMENT ITITl.EL Large NiCd Batteries PAGE 3 OF 

for Snace Station AoDlication 

11 . TECHNOLOGY REC^LTREMENTS SCHEDIIT.E: 

CALENDAR YEAR 

.SCHKDUl.E ITEM* 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 



TECHNOLOGY 
1 Electrode & separate 
or evaluation Testing 

■> Cell component 
"* analysis 

Battery packaging 
* and thermal control 

4 , In-flight recondi- 
tions evaluation and 
g development 

♦Schedule start will de 

• 

)enc 






unc 

ing 

ar 

d i 

utv 

re 

pl£ 

nnl 

ng. 






_ _ . 
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ai: 
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APPLICATION 

1. Design (Ph. C) 

2 . Devi/ Fab (Ph. D) 

3. Operations 

I. 




















1 ;:. USAGE SCHEDULE: Opportunity Driven 


TECHNOLOGY NEED DATE 







r 










1 

'OTAL 

NUMBER OF LAUNCHES 







L 













11. liEFKHENCES: 


1975 MSA OAST Summer Workshop Overview Report - Developing Space Occupancy: 
Perspectives on MSA Future Space Program Planning. 

Funding: CY 7*-> $2^0k 

77 150 

78 150 

79 100 

80 50 


•EPRODUcromm OP thp 

KRMINAL PAGE j. 


15. LEVEL OF STATE OF ART *• coMiONFNTo.t unEAiinoARDTtsTtDiN rei.evant 

ENVIKONMFNT IN T:«'. UAHORMX'UY. 

1. bask PHKN<iMb NA OKst- in I n AND KD. MODEL TEST F. I) IN AIRCRA I NVIRONM 1 NT. 

2. THFOK’I n !) in ru S( k:BF IMII .^OMFNA. 7. MODEL TEST! D iN Sr.\rF ENVIRONMENT. 

3. THHilO U^ll n n\ FH'|^I('AL I HIMENT 8, NEW CAPAlilUTY HI R1\T.D MtOM A ML’Cll LESSER 

OK MA'im M\ril'.\l. MODI L. OPERA! IONA L MODEL. 

4 . PEHltM N > K NC’TlON OR ('MAHAl lEHISTK' DEMONSTRATED. 9 . RELlARIi-lTY ’JPCiRADINC OF AN OPERA rU'NAL MODEL, 

E,(>. . MAH’ m \l., \T, Eli’. 10. LIFETIME EXTENSION OF AN OI 1, RATION O. MODM . 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 


1. TECHNOLOGY REQUIREMENT ITlTT.E^; Use of Flywheels for PAGE 1 OF 3 
Mechanical Storage of Energy 


. TECHNOLOGY CATEGORY: Electric Power 

;j. OBJECTIVE/ ADVANCEMENT REQIITRFD- FlvwheeJ.s promise a hi^h ratio of 
energy stored per uiiit mass. 


1. CURRENT STATE OF ART: Various materials and designs for the flywhesd have 


been evaltiated. Some demonstrations performed . 


HAS BEEN CARRIED TO LEVEL ^ 

5. DKSCRIUTION OF Ti:CHNOLOC.Y 

The use of flywheels for energy storage has beon considered for space applica- 
tions because of their potential superiority over chemical batteries in terms 
of energy stored per unit mass. Upon the deveJ.opment of high-strength fiber 
composites and implementation of new concepts in fabrication these devices can 
become effective elements for long-term energy storage. 

Assuming the use of magnetic bearings and electro-mechanical energy storage 
coupling techniques, lifetimes of 30 years or more should be achieveable. The 
availability of the vacuum environment permits long standby life and very small 
required auxiliary equipment macs. No significant work has been done on the 
integration of the complex -flywheel system which will probably require as much 
effort as the technology of the flywheel itself. 


P/L REQUIREMENTS BASED ON : Q PRE-A.Q A.Q B,0 C/D 

(!. KATK )NA1.K AND ANALYSIS: 

Widely variable rates of power can be utilized, both in charging and dis- 
charginig, with essentially constant (and high) efficiency; providing the 
transmission or electrical controls are developed. 

Flywheel materials which have been studied in recent years include high 
strength steels, titanium and fiber composites. Beacuse of the hlgn strength 
of fibers flywheels with very high energy storage per unit mass are possible. 
For example the theoretical limit for fused silica fibers is 870 W-H/kg compared 
to 48W-H/kg for a ferrous metal base flywheel. Design -values for stress for 
composite flywheels are lacking, the evolution of new fabrication techniques, 
the overall system integration analysis, and the development of suitable 
bearings, seals, transmissions, and electrical controls are driving the tech- 
nology. 

The propulsion group has recommended an evaluation of flywheels for use with 
electric propulsion systems . 


TO BE CARRIED TO LEVEL 


I 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. 


1 . TECHNOLOGY REQUIREMENT(TITLE): Use of Flyvheels for PAGE 2 OF J. 

Mechanical Storage of Energy 


7. TECHNOLOGY OPTIONS: 

kg/J 

$/kg 

Flywheels 

1-1. 5x10"^ 

1-4x10^ 

Superconductor s 

2-6x10-5 

2-3x10^ 

Rrimary Batteries 

2x10- ^-4x10"'^ 

1-5x10^ 

Secondary Batteries 

3-8x10"^ 

1-4x103 

Stable Chemicals 

1-8x10"® 

4x10^-2x10^ 

8. TECHNICAL PROBLEMS: 

Containment housings for failures --minimized 

for composites due to high 


fracture energy. 

Vacuum bearings thansmisslon. 
Uncertainties in design stress values. 

'J. POTENTIAL ALTERNATIVES: 
Batteries 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

Low level, research efforts on ccanposite fiber flywheels 
RTOP 909.74-35 laRC 

506-19-13 liiRC 

EXPECTED UNPERTURBED LEVEL ^ 


11. RELATED TECHNOLOGY REQUIREMENTS: 






DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 


PAGE 3 OF 


1 . TEC HNDLOGY REQUIREM ENT (TITLE) : Use of Flywheels 
for Mechanical Storage of Ener 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 




SCHEDULE ITEM 

TECHNOLOGY 

1. 

Analysis 

^ • 

Design 

3. 

Fabrication 

4. 

Test 

5. 

Flight Test 

APPLICATION 

I 1. 

Design (Ph. C) 

o 

• 

Devl/Fab (Ph. D) 

3. 

Operations 

4. 






. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


H. REFERENCES: 



Ad Hoc Working Group on Space Power and Propulsion- -RTAC May, 1975* 

Outlook for Space-Forecast of Space Technology- I^rt IV Management of Energy 


15. LEVEL OF STATE OF ART 

1. BASIC PHKNOMtNA OBSKHVV D A.Sl) HFrfiKTLD. 

2. TIIFOHV TO DFSCKIHF: iMIF nomfna. 

3. THFOft'i IF SI H) BY PMYnK’AI. F XPFHiMtNT 

OK M\HIFM\TICAL Mtim 1.. 

4. PU TIM MM N('TiON OU CFIAIUCTE RISTIC DEMONSTRATED. 

K. i.. MATFUUI., CO'lRlNF NT, FTC. 


8 . COMPONFST OB BREADBOARD TtSTLD IN RELEVANT 
ENVIRONMENT IN THE LABORAIDUY. 

6. MODEL TtSlED IN AIRCRAFT FNVIRONMF NT. 

7. MODEL TESTED IN SP.\CF ENMRONMENT. 

NEW CAPAIUI.ITY DI.RINTD FROM A MCCII LESSER 
operational MODLL. 

f, RELIABILITY UPORADINC Of AN OPERATH‘NAL MODEL. 
10. LIFETIME EXTENSION OF AN OI LHATION O. MODF L. 


I 







I 


CONCLUSIONS 


The conclusions reached by the fWG are as follows: 

1 . Power systems technology currently available or in work is adequate 
to accomplish all missions in the 1973 Mission Model. The few ex- 
ceptions to this generalization represent only modest extensions of 
ongoing efforts. 

2 . Improved Power Systems technology can provide significant benefits 
in operational capabilities and costs, even for the 1973 Mission 
Model. Sixteen such areas have been identified. 

3. Major advancements in Power Systems technology must be made if, 

and only if, the Outlook for Space and other advanced user plans are 
to be accomplished. Most of these advancements are not now actively 
in work. Nineteen such areas have been identified. 

4. A vigorous space experiment program is needed to achieve these 
accomplishments. Specifically, 23 space experiments have been 
identified. 
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APPENDIX A 


INPUTS TO THE PCWER WCKKING GROUP 


Ideas brought from the various centers by FVG members. 

Inputs from other Summer Workshop working groups. 

"Selected Technology Suggestions for Future Space Application and Related 
Space Experiments." Aerospace Corporation Rresentation to OAST Workshop. 
(August 6 , 197 i>) 

"Ad Hoc Working Group on Space Power and Propulsion - Report On The Status 
and Prospects of the NASA Space Power and Propulsion Research and Technology 
Program." Vol. 1. (April 30, 1975) 

"Outlook Outputs" J. D. Burke. Presentation on 249 Missions, plus Synopses 
of each. (July 1975) 

Report of the Outlook for Space Study (Internal Draft Copy) (July 1975) 
Space Shuttle (NASA/ JSC ) February 1975 
Space Among Us . Charles P. Boyle (197^) 

The 1973 NASA Payload ttodel -- Space Opportunities 1973-1991 
NASA (June 1973) 

Missions (Vol. 2) Draft copy of Illustrative Mission (F. T. Domes) plus 75 
mission 

"Gaseous Fuel Nuclear Reactor Research" F. C. Schwenk and K. Thom. 

NASA (October 1974) Presented to the Oklahoma State University. Frontiers 
of Power Technology 

"Presentation of the Power Working Group to the Space Transportation Systems 
Technology Steering Committee." D. T. Bernatowicz (January 2'^ 197^^) 

"Presentation of the Power Working Group to the Space Transportation Systems 
Technology Steering Committee." D. T. Bernatowicz (October 25, 1973) 

"AFSC-NASA Space Technology Meeting Briefing Charts for the Space Power 
Program." J. D. Reams (AF/Aero Propulsion lab) 

"international Astronautical Federation XXV Congress." J. P. Layton 
(October j, 197^) Space Power Systems; Retrospect and Prospect 

"Aerospace Technology Development of Three lypes of Solid State Remote Power 
Controlled for iiOV DC with current ratings cf five and thirty amperes. One 
type having current Uniting." D. E. Baker NASA CR-1J4772 (WAED 75-OiE)« 
(February 1975) 

"Ad Hoc Working Group on Space Power and Propuieion -- Report on the Status 
and Prospects of the NASA Space Power and Propulrion Research and Technology 
Program." Vol. X & II. NASA/R & D Advisory vouxicii (May 7, 1975) (RTAC) 
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Future Payload Technology Requirement Study , Pinal Report (June 1975) 

General '-ynamic, Uonvair Division (CASD-NAS-75-00^> Constract NAS 2-8272). 

Outlook for Space » A Forecast of Space Technology (1980-2000) (July 15, 1975) 
Final Draft. 

1975 NASA OAST Summer Workshop - Overview Report 

Outlook for Space, Opportunity Driven Technolo^ Recommendations (July 1975) 

Jet Propulsion Laboratory. 

"input Data Package lor Power Working Group" (Complete) S. Tiwari 

"Automated Power Systems Management" (RTOP 50t>-23-i^) JPL H. Wainel 
(June 10, 1975) 

"Long Duration Exposure Eaciiity." Presentation to OAST Space Technology 
Workshop (August 5^ 1975) R» -- Osborne 

Payloads Technology Space Testing Needs, Preiiialnary Briefing (August 5^ 1975) 
General Dynamics, Convalr Division. Report No. PT-WP-002 

"Space Experiment Opportunities to Support the Outlook for Space Technology 
Recommendations" (August L, 197*^) Presentation to OAST Workshop. R. L. 

Chase /JPL 

"OAST Planning and Supporting Studies" (August 4, 1975) Presentation to 
OAST Workshop. S. R. Sadin NASA/OAST-RX 

Space Shuttle System fayload AccommcidatlQns (July j, 197^) ^ol XIV, Johnson 
S^ce Center Re^rt No. 07700~(Rev C) 

Space Experiment Opportunities to Support the Outlook for Space . Technology 
Re c omme nda t i on (July 1975) Jet Propulsion Labo^ratory 

Outlook for Space. Executive Summary (July 1975) NASA, Internal Review Draft 

Shuttle/Spacelab Reference Document (July 1975' R« N* Smith, A. N. Williams, 

Jet Propulsion laboratory 

"Office of Space Science: Statement of New Technology Requirements Prepared 

for the OAST Workshop -- August J-lo, 1975*' 

Future Payload Technology Space Testing and Development Requirements (Preliminary) 
General Dynamic s/Convair Division (August 5^ 1975) Report No. FT’-rtP-uol, 

Contract NASZ-9tii9 

Spacelab: Payload Accommodation Handbook (May 1975) (Pre ' iminary ) 

ESHO/ESTEC Ref ."l/orSLP/^104. 

Space Research As Technology Study (Draft Copy) . (August 197*0 NASA 
Headquarters 
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APfEMDIX B 


Detailed Outline 

I. Energy Sources and Convertors 
A . Solar Photovoltaic 

1 . 

2 . Solar Concentrators 

3 . Plasma Interactions with HV Surfaces 

4. Large Scale Array 

5 . Array Deployment and I)ynamics 

6. Qualification of Cells 

7* Achieving High Efficiency 

8. Shuttle Calibration Pacility 

9 . Tethered Array 

10 . Power Transfer 

11. Advanced Concepts 

a. EWECS 

£. Solar and Nuclear Thermal Electric 

1 . Solar Concentrators 

2 . Brayton Cycle 

3 . Rankine Cycle 

4. Stirling Cycle 

5 . Thermionic 

6. Thermoelectric 
7 • Dielectric 

8. MHP 

9 . HTGS 

10. Reactors 



r 

I I 
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C. Chemical Conversion 

1. Dynamic Conversion 

2. Primary Fuel Cells 

3 . Primary Batteries 

D. Ambient Field Trapping 

II. Power Processing, Distribution, Conversion and Transmission 

A. Processing 

B. Conversion 

laser Riotovoltaic 

C . Distribution 

D. Transmission 

1, Microwave 

2. Laser 

III. Storage 

A. Mechanical 

B. Thermal 

C . Chemical 

Regenerative Fuel Cells 

D. Electrochemical 
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